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An©U n{ÌH$m

_mPo dS>rb H¡$. lr. {d. h. \$miHo$ ho {dkmZ{ejH$ hmoVo. 
Ë`m§À`m agm`ZmMm `emo{Xn `m nwñVH$mZo _°{Q´>Š`wboeZÀ`m 
n[ajmWvÀ`m EH$m {nT>rbm _mJ©Xe©Z Ho$bo hmoVo. hm H$mi 
1942 Vo 1945 n`ªVMm.

d¡km{ZH$ gm{hË` nwadR>çmMm ì`dgm`gwÕm Ë`m§Zr gwé 
H$ê$Z Zmdménmbm AmUbm. A{e{jV AgwZhr A{Ve` hwema 
Agbobr _mPr AmB© H¡$. lr_Vr emÝVm \$miHo$ {hZo _mÂ`m 
d{S>bm§À`m ì`dgm`mV \$ma _mobmMr gmW {Xbr, qH$~hþZm 
{VÀ`m `m gmWr_wioM Ë`m§Mm ì`dgm` Zmdménmbm Ambm.

Aem _mÂ`m AmB©d{S>bm§Zm ho nwñVH$ _r An©U H$arV 
Amho.

O`§V \$miHo$



F$U{ZX}e

`m nw{ñVHo$Mm AmamIS>m H$gm Agmdm `mg§~§Yr gw`mo½` 
_mJ©Xe©Z H$aUmao _mPo {_Ì  {n«. Jmonmb amOmam_ ~oio...

boIZ gmono Am{U gw~moY H$go H$aVm `oB©b `m ~m~VrV 
doimodoir gyMZm H$aUmao _mPo {_Ì S>m°. _YwH$a Xoenm§S>o,  
S>m°. O`§V bobo, S>m°. ZdZrV JwOamWr, gm¡. nwînm Xoenm§S>o, 
lr. eaX JmoS>go, gm¡. ñZohb JmoS>go, lr. lr{Zdmg VmQ>Ho$...

Am{U hr nw{ñVH$m gd© Ñï>rZo gw§Xa ìhmdr `mgmR>r AWH$ 
n[al_ KoUmao n«m. g§O` gmiw§Io d gm¡. nwînm Xoenm§S>o...

`m gdmªMo Am^ma _mZmdo VodT>o WmoS>oM AmhoV. `m§À`m F$UmV 
_r H$m`_Mm amhÿ B{ÀN>Vmo.

O`§V \$miHo$
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	 1	 ^y{_H$m

{dkmZ åhUOo {deofkmZ! Amnë`m^modVrÀ`m {ZgJm©Mm 
ì`dhma g_OyZ KoÊ`mgmR>r d¡km{ZH$ d¥ÎmrÀ`m cmoH$m§Zr {ZarjUo, 
à`moJ Am{U {dMma `m§À`m gmhmæ`mZo {_i{dcoë`m kmZmMm Vmo 
gmR>m Amho. ñdm^m{dH$nUoM {dkmZ ho H$mcmà_mUo dmT>V d 
~XcV Joco Amho. Ë`m_wio {dkmZ {eH$VmZm WmoS>r\$ma Eo{Vhm{gH$ 
nmœ©^y_r nmhUo Amdí`H$ R>aVo.

{dkmZmVrc Hw$R>crhr g§H$ënZm "Ÿ{Xì`Ñï>r'ŸZo àVrV hmoV 
Zmhr. Oar H$mhr doim Á`m§Zm Vr g§H$ënZm àVrV Pmcr Ë`m§Mm 
Vgm AmJ«h Agcm Var! {VÀ`m_mJo doJdoJù`m d¡km{ZH$m§Zr 
doJdoJù`m nÕVrZo Ho$cocr {ZarjUo, à`moJ d {dMmaqMVZ 
`mMr _m{cH$m AgVo. Á`m qMVZmMo qH$dm {dMmaYmaoMo {ZîH$f© 
{ZgJm©Vë`m dmñVdmer OwiVmV, Vr qMVZàUmcr d¡km{ZH$m§V 
_mÝ` hmoVo. BVa {dMma qH$dm qMVZàUmcr H$_r XOm©À`m 
AgVmV Ago Zìho. Ë`m§Mo {ZîH$f© {ZgJm©Vë`m dmñVdmer OwiV 
ZmhrV Ë`m_wio Ë`m {dkmZmMm ^mJ ~Zy eH$V ZmhrV.

Amnë`m gmoB©gmR>r AmnU {dkmZmMo ^m¡{VH$emó, 
agm`Zemó, Ordemó B. ^mJ H$aVmo. `m àË`oH$ ^mJmMr 
gwÕm {df`m§_Ü`o {d^mJUr H$aVmo. CXm. J{Vemó, àH$me, 
CîUVm, pñW{VO {dÚwV², Mw§~H$Ëd B. {df` ^m¡{VH$-emómMo 
^mJ AmhoV. amgm`{ZH$ A{^[H«$`m, g§`wOm, nXmWmªMo amgm`{ZH$ 
JwUY_© B. {df` agm`ZemómMo ^mJ AmhoV. eara{dkmZ, 
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àH$meg§ûcofU (photosynthesis), noetMr H$m`©nÕVr B. {df` 
OrdemómMo ^mJ AmhoV.

VWm{n, `mVë`m àË`oH$ {df`mcm "AUwàUmcr' hr nm`m^yV 
Amho. ^m¡{VH$emó, agm`Zemó Am{U Ordemó `mVë`m  
95-96% KQ>Zm§À`m (phenomena) ñnï>rH$aUmgmR>r AUwg§H$ënZm 
Am{U AUwàUmcr Amdí`H$ Amho.

AË`mYw{ZH$ ñdê$nmVcr AUwàUmcr-n§wOemó (Quantum 
Mechanics) hr A{Ve` pŠcï> Amho. AmnU Eo{Vhm{gH$ 
H$mimnmgyZ AmOn`ªV {dH${gV Pmcoë`m "AUwàUmcr'ŸMm gmoß`m 
Am{U gdmªZm g_Ooc Aem nÕVrZo Aä`mg H$aUma AmhmoV. 
gm_mÝ`kmZ Am{U {dMmaeº$sMm _m\$H$ dmna ho Amnco ^m§S>dc 
AgUma Amho. `m ^m§S>dcmda AmnU Hw$R>da _Oc JmRy> eH$Vmo 
Vo ~Ky `m.

ho {cImU _w»`V… _mÜ`{_H$ emim§_Yrc {dkmZ 
{ejH$m§gmR>r Amho. g§H$ënZm§er PQ>mnQ> H$aÊ`mV, doJdoJù`m 
nÕVtZr g§H$ënZm§Mm {dMma H$aÊ`mV, EH$m g§H$ënZoV AÜ`möV 
Agcocr Xwgar g§H$ënZm ñnï> H$aÊ`mV, EH$ àH$maMm ~m¡{ÕH$ 
"Wama' (thrill) Amho. `m nÕVrZo `m {cImUmVrc {dkmZ 
Ë`m§Zr g_OyZ ¿`mdo Am{U Ë`mVë`m WamaH$Vogh {dÚmÏ`m©n`ªV 
nmohmoMdmdo Aer Anojm Amho.

_amR>rV CncãY Agcoë`m {dkmZ{df`H$ nwñVH$m§_Ü`o 
V§ÌkmZmMo d emókm§À`m d¡`pŠVH$ Am`wî`mMo amo_m§MrH$aU 
(Romanticization) H$aÊ`mMr nÕV Amho. V§ÌkmZ hr Jmoï> 
Amdí`H$ Amho; Mm§Jcrhr Amho, nU `…H${üV dZñnVr gy`m©Mr 
D$Om© dmnê$Z Á`m nÕVrZo àH$meg§ûcofU H$aVmV Vr nÕV 
AOyZhr V§ÌkmZmÀ`m AmdmŠ`mV Amcocr Zmhr `mMr gwÕm 
OmUrd R>odm`cm hdr.
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emók hr _mUgoM hmoVr d AmhoV. {dkmZmer g§~§Y 
Zgcoë`m Ë`m§À`m d¡`pŠVH$ Aem AmdS>r{ZdS>r qH$dm 
OrdZ{df`H$ lÕm Agy eH$Vrc. ñnï>rH$aU qH$dm 
gwc^rH$aUmgmR>r Ë`m§Zr Aemór` g§H$ënZm§Mm dmna Ho$cm 
Agoc. Aem àH$maMo gd©kmV {dYmZ "God does not play 
dice with the Universe" ho AmBÝñQ>rZZo Ho$coco Amho Ago 
g_Oco OmVo. ho d¡km{ZH$ {dYmZ Zmhr. ho Ë`m§Mo d¡`{º$H$ _V 
Amho. emókm§À`m d¡`pŠVH$ lÕm, _Vo, AmdS>r{ZdS>r `mnojm 
Ë`m§Mm {dkmZ{df`H$ {dMma hm _hÎdmMm Amho `mMo ^mZ 
R>odm`cm hdo. Ë`m§À`m _hmZVoMr nmdVr Ë`m§Mo Xoìhmao _mOdÊ`mV 
Zmhr Va Ë`m§Mo {dMma Amnë`m Hw$dVrà_mUo g_OyZ KoÊ`mV Amho 
hr gmYr ^y{_H$m `m {cImUm_mJo Amho. 

O`§V \$miHo$



AUyMo A§Va§J - �

	 2	 nwamVZ	AUwg§H$ënZm

Amnë`m ^modVmcÀ`m g¥ï>rVrc Am{U nXmWmª_Yrc {d{dYVm 
Ajae… _{V Jw§J H$aUmar Amho. Amnë`m KamVrc Q>o~c, 
IwÀ`m©, XadmÁ`m§Mr Xmao, XadmÁ`m§À`m Mm¡H$Q>r, N>namcm AmYma 
XoUmè`m Vwi`m `m {d{dY dñVy EH$mM {d{eï> nXmWm©nmgyZ, 
-cmH$S>mnmgyZ ~Zcoë`m AmhoV. {Iio, hmVmoS>r, añË`mdaMo 
{dOoMo Im§~, cmoh_mJm©Mo éi ho gd© EH$mM {d{eï> nXmWm©nmgyZ 
-cmohmnmgyZ ~Zcoco AmhoV.

nXmWmªÀ`m `m {d{dYVoÀ`m _wimer _`m©{XV Ago H$mhr 
{d{eï> KQ>H$ AgmdoV hm {dMma \$ma nwamVZ H$mimnmgyZ 
ApñVËdmV Amho. H$mhr J«rH$ VÎdkm§Zr `m {dMmam§Mr gwñnï> 
_m§S>Ur H$aÊ`mMm à`ËZ Ho$cm Vmo WmoS>Š`mV AgmŸ�

Woëg (Thales): "dooJdoJio nXmW© ho Oc qH$dm Amn `m EH$mM 
_ycÐì`mMo (element) doJdoJio Am{dîH$ma AmhoV.'

A°Z°pŠP_oZg (Anaximenus): "dm`y ho EH$M _ycÐì` Amho. 
n¥ÏdrÀ`m A§Va§JmV Vo ñWm`yê$nmV AgVo, n¥ð>^mJmda Ðdê$nmV 
Va dmVmdaUmV dm`yê$nmV. da da J«hVmè`m§H$S>o Omdo Vgm dm`y 
{dac hmoV OmVmo.' 

hoampŠcQ>g (Heraclitus): "Á`m dñVyV A{Ve` ghOnUo ~Xc 
hmoVmo Vr dñVy A{¾ (Fire) Amho; åhUyZ {dœmMo _ycÐì` A{¾ 
hmo`.'

{S>_m{H«$Q>>g 
B.g.nyd© 460-370
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EpånS>mopŠcg (Empidocles): "n¥Ïdr (Earth) ho ñWm`y§Mm 
JwUY_© Agcoco _ycÐì` Amho. Ë`m{edm` Amn, A{¾, dm`y 
hrgwÕm _ycÐì`o AmhoV.'

A°[añQ>m°Q>c (Aristotle) `mZo `m gd© H$ënZm§Mm g_Ýd` 
H$ê$Z "n§M_hm^yVm§Mr'   g§H$ënZm _m§S>cr. Vr Aer Amho. 
Ÿ� "{dœmVco nXmW© n¥Ïdr, Amn, VoO, dm`y Am{U AmH$me 
(Ether) `m nmM _ycÐì`m§nmgyZ ~Zcoco AgVmV.'

Vgo nm{hco Va ho EH$ àH$maMo "dJuH$aU'M Amho. n¥Ïdr 
åhUOo ñWm`y§_Yrc _ycVÎd, Amn åhUOo Ðdm§_Yrc _ycVÎd, 
dm`y åhUOo dm`yê$n nXmWm©Vrc _ycVÎd, VoO qH$dm A{¾ åhUOo 
D$O}_Yrc _ycVÎd Am{U AmH$me åhUOo Z^mVrc ñd`§àH$mer 
dñVy§_Yrc _ycVÎd!

^maVr` BhdmXr VÎdkmZmV `m nmMm§~amo~a {XH²$, H$mc, 
_Z Am{U AmË_m Aer AmUIr Mma _ycVÎdo _mZcr AmhoV. 
gOrdm§Mm {dMma H$am`Mm åhUOo _Z Am{U AmË_m Amdí`H$M 
AmhoV. nU {XH²$ (Space) Am{U H$mc (Time) `m§Mm A§V^m©d 
hm AmYw{ZH$ ñWcH$mcmÀ`m (Space-Time) g§H$ënZoMr PcH$ 
Amho Ago åhUm`cm hdo.

H$UmX `m ^maVr` BhdmXr VÎdkmZo "nXmW© AUy§Mo ~Zcoco 
AgVmV' Ago à{VnmXZ Ho$coco Amho. `m àUmcr_mJMm ^maVr` 
{dMma Zo_H$m H$m` hmoVm d Vmo H$gm {dH${gV Pmcm hr _m{hVr 
CncãY Zmhr. nU gw_mao 2500 dfmªnydu J«rH$ VÎdk {S>_m°{H«$Q>g 
`mZo "nXmW© AUy§Mo ~Zcoco AgVmV' hm {dMma \$ma gwñnï>nUo 
_m§S>cm hmoVm.

ë`w{gng `m J«rH$ VÎdkmZo Ago _V _m§S>co H$s "nXmWm©Mr 
{d^mÁ`Vm (Divisibility) gr{_V Agcr nm{hOo.' nXmWm©Mo 
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{d^mOZ H$arV am{hcmo Va {d^mOZmÀ`m `m loUr_Ü`o eodQ>r 
A{d^mÁ` nXmW© {ZînÞ hmoVrc.

{S>_m°{H«$Q>gZo nXmWm©À`m `m A{d^mÁ` KQ>H$m§Zm "AUy' 
(atom) ho Zmd {Xco Am{U Agohr åhQ>co H$s, "EH$m _ycVÎdmMo 
åhUOoM _ycÐì`mMo AUy Xwgè`m _ycVËdmÀ`m AUy§nojm  
AmH$ma_mZmZo (size) Am{U AmH$mamZo (space) doJio AgVmV.'

"nXmW© ho doJdoJù`m AUy§À`m doJdoJù`m à_mUmVrc 
g§`moJmVyZ ~ZVmV. Aem `m g§`moJmMo ñdê$n ~XcyZ EH$m 
nXmWm©Mo Xwgè`m nXmWm©V ê$nm§Va H$aVm `oVo.'

nXmWm©À`m AUwñdê$nmMr BVH$s N>mZ "AUwàUmcr' Ho$di 
VH$m©{Y{ð>V hmoVr. {Vcm à`moJm{Y{ð>V nwamdm ZìhVm. A°[añQ>m°Q>c 
hm A{Ve` à{V{ð>V Am{U _mÝ`Vmàmá VÎdk hmoVm. nwamì`m 
A^mdr {S>_m°{H«$Q>gMr AUwàUmcr Ë`mZo A_mÝ` Ho$cr Am{U 
Amncr ñdV…Mr n§M_hm^yVm§Mr g§H$ënZm nwT>o Xm_Q>cr. Ë`m_wio 
{S>_m°{H«$Q>gMr AUwàUmcr nwT>o XmoZ hOma df} Yyi ImV nS>cr 
hmoVr.

gmYmaU gZ 1600 nmgyZ agm`ZemómÀ`m Aä`mgH$m§_Ü`o 
`m àUmcrÀ`m nwZéÁOrdZmgmR>r Amdí`H$ Vr _Zmo^y{_H$m 
V`ma hmoV hmoVr. ß`oa J°g|S>r (gZ 1592-1655) `m \«|$M 
VÎdkmZo {S>_m°{H«$Q>gMr E{nŠ`wag `m VÎdkmÀ`m {cImUmV 
AmT>icocr "AUwàUmcr' naV àH$memV AmUcr. am°~Q>© ~m°B©c 
(gZ 1627-1691) hm J°g|S>rÀ`m {cImUmZo à^m{dV Pmcm. 
"AUwàUmcr'À`m nwZñWm©nZogmR>r Ë`mZohr EH$ à`moJ{gÕ {dMma 
nwadcm. ~m°B©cÀ`m `m {dMmamMm nam_e© AmnU Xwgè`m àH$aUmV 
KoUma AmhmoV.
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AmVm AmnU "nXmW© A_`m©XnUo {d^mÁ` (infinitely 
divisible) ZgmdoV' hr g§H$ënZm H$er {Z_m©U Pmcr Agmdr 
`mMm {dMma H$ê$. {ZarjU Am{U gm_mÝ` {dMma `m§À`m AmYmao 
AmnU Ago åhUy eH$Vmo H$s,

nXmW© OmJm ì`mnVmV, åhUOoM EH$ {d{eï> AmH$ma_mZ 
(volume) ì`mnVmV. nXmWm©Mo {d^mOZ ho nXmWm©Mo KQ>H$ 
S>moù`m§Zm {XgÊ`mÀ`m _`m©Xon{cH$S>ogwÕm H$aVm `oVo. 
Ago dmQ>Vo H$s nXmWm©Mo KQ>H$ ì`mncoë`m AmH$ma_mZmV 
AI§{S>VnUo (smoothly) Am{U gKZnUo åhUOoM XmQ>nUo 
(densely) {dIwacoco AgVmV.

nXmWmªZm dñVw_mZ AgVo. åhUOoM nXmWm©À`m KQ>H$m§Zm 
dñVw_mZ (mass) AgVo.

nXmWmªMr KZVm (density) åhUOo dñVw_mZ/AmH$ma_mZ 
(mass/volume) hr amer gr{_V Amho. Amnë`m AZw^dm 
à_mUo gmoÝ`mMr KZVm Iyn OmñV åhUOo 19.3gm/cm

3
 

EdT>r Amho.

`m gd© Jmoï>ter gwg§JV Agoc Agm gyú_nUmMm {dMma 
AmnU H$ê$ `m.

^y{_VrÀ`m Aä`mgmV A_`m©X {d^mÁ`VoÀ`m g§H$ënZoVyZ 
q~Xy (point) hr gyú_mVrc gyú_ Jmoï> {ZînÞ hmoVo. XmoZ q~Xy 
EH$m aofoZo (line) OmoS>ë`mg Ë`m aofodarc q~Xy§Mr g§»`m AZÝV 
qH$dm AJ{UV (infinite) AgVo. {H$Vrhr N>moQ>çm AmH$ma_mZmV 
gm_mdUmè`m q~Xy§Mr g§»`m AJ{UV AgVo.

nXmWm©Mo gyú_ KQ>H$ {H$Vr gyú_ AgVrc? Vo q~Xy§ BVHo$ 
gyú_ AgVrc H$m§? Agm`cm haH$V Zmhr. H$Xm{MV² ZgVrchr. 
`mMm {ZU©` H$aÊ`mgmR>r AmnU Ago _mZy `m H$sŸ"nXmWm©Mo KQ>H$ 

1.

2.

3.
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ho q~XyBVHo$ gyú_ AgVmV.' ho {dYmZ ho Amnco J¥hrVH$ Amho. 
`m J¥hrVH$mZwgma

"nXmWm©À`m Hw$R>ë`mhr XmoZ KQ>H$m§À`m Xaå`mZ Agcoë`m 
KQ>H$m§Mr g§»`m AJ{UV Agoc VgoM nXmWm©Z| 
ì`mncoë`m Hw$R>ë`mhr A{Vgyú_ AmH$ma_mZmV AJ{UV 
KQ>H$ gm_mdcoco hdoV.'

Ago Oa dmñVdmV ({ZgJm©V) KS>co åhUOo A{Vgyú_ 
AmH$ma_mZm_Ü`o dñVw_mZ Agcoco nXmWm©Mo KQ>H$ g§»`oZo 
AJ{UV Agco Va nXmWm©Mr KZVm (dñVw_mZ/AmH$ma_mZ) hr 
amer A_`m©XnUo _moR>r-AJ{UV hmoB©c.

hm {ZîH$f© Amnë`m H«$_m§H$ 3À`m {ZarjUmer nyU©nUo {dg§JV 
Amho. Voìhm Amnco J¥hrVH$ MwH$sMo Amho Ago åhUVm `oB©c. 
åhUOoMŸ� "nXmWmªMo KQ>H$' AI§{S>VnUo OmJm ì`mnUmao d gKZ 
ZgVmV. Hw$R>ë`mhr AmH$ma_mZmVë`m nXmWm©À`m KQ>H$m§Mr g§»`m 
_`m©{XV AgVo Am{U ho KQ>H$ EH$_oH$m§nmgyZ {dcJ qH$dm I§{S>V 
(discrete) AgVmV. ho nXmWmªMo KQ>H$ åhUOo AUy.'

ë`w{gng, {S>_m°{H«$Q>g Am{U H$UmX `m§Zr nXmWm©À`m 
ñdê$nm{df`r H$mT>cocm hm {ZîH$f© gmÜ`m Z¡g{J©H$ VÏ`m§nmgyZ 
ghOnUo nU A{Zdm`©nUo {ZînÞ hmoVmo. d¡km{ZH$ g§H$ënZm§Mo 
gm¢X`© åhUOo hoM! WmoS>Š`mV H$m`,Ÿ 

nXmW© AUy§Mo ~Zcoco AgVmV.

[
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	 3	 S>mëQ>Z	Am{U		
	 	 AUwàUmcrMo	 nwZéÁOrdZ

{S>_m°{H«$Q>g qH$dm H$UmX `m§À`m `m VH©$ewÕ "AUwàUmcr'Mm 
gw_mao 2000 df} agm`ZemñÌmV \$magm Cn`moJ Pmcocm qH$dm 
Ho$cocm AmT>iV Zmhr. Ë`mgmR>r Amdí`H$ Vr {ZarjUo qH$dm 
à`moJ \$maM VwaiH$ hmoVo.

EImXm {dMma "àUmcr' åhUyZ _mÝ` hmoÊ`mgmR>r XmoZ Jmoï>r 
Amdí`H$ AgVmV.

CncãY àm`mo{JH$ qH$dm {ZarjUmË_H$ _m{hVrMo gwgyÌrH$aU

_m{hVr Zgcoë`m ZdrZ Z¡g{J©H$ KQ>Zm§Mr (phenomena) 
^m{H$Vo.

{H$_`m (Alchemie) `m ZmdmZo AmoiIë`m OmUmè`m 
agm`Zemónyd© kmZemIoMm(?) Aä`mg B.g. 600 nmgyZ gwê$ 
Pmcm hmoVm. nU Ë`mV JyT>Vm hmoVr. Am{U Ë`mMr C{Ôï>o hmoVr Vr 
åhUOo n[agmMr (Philosopher's stone) àmár Am{U A_¥VmMr 
(Elixir of Life) {Z{_©Vr! Ë`m_wio {H$_`ocm \$maer à{Vð>m 
ZìhVr.

`m VWmH${WV agm`ZemómÀ`m Aä`mgmVcr JyT>Vm OmD$Z 
IwconUm `oB©n`ªV B.g.1600 COmS>co. Ë`mZ§Va `m {df`mMm EH$ 
emóemIm åhUyZ emóewÕ Aä`mg gwê$ Pmcm.

`m g§X^m©V am°~Q>© ~m°Bc (B.g. 1627-1691) `mZo AmYw{ZH$ 
AUwàUmcrMr Zm§Xr R>aoc Agm H$moUVm {dMma _m§S>cm Vo AmYr 
nmhÿ `m. ~m°BcZ| dm`wMm Xm~ H$_rOmñV H$aÊ`mgmR>r Amdí`H$ 

1.

2.

Om°Z S>mëQ>Z 
(1766-1844)
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Aem `§ÌmMm, g§H$moMH$mMm (compressor) emoY cmdcm. 
g§H$moMH$mÀ`m gmhmæ`mZo dm`yda doJdoJio à`moJ H$ê$Z Ë`mZo 
~m°BcMm {Z`_ (Boyle's Law) emoYyZ H$mT>cm. Vmo Agm AmhoŸ�

"EH$m {d{eï> Vmn_mZmcm ~§X ^m§S>çmVrc {d{eï>  
dñVw_mZmÀ`m dm`yMm Xm~ (Pressure-P) Am{U dm`yMo  
AmH$ma_mZ (Volume-V) `m XmoZ ametMm JwUmH$ma PV pñWa 
AgVmo.

PV = Constant 

åhUOo dm`yÀ`m dñVw_mZmV ~Xc Z hmoVm AmH$ma_mZmV ~Xc 
hmoVmo. ñn§O hr AerM EH$ dñVy Amnë`mcm _m{hVr Amho. ñn§O 
Xm~cm Va AmH«$gVmo Am{U gmoSy>Z {Xë`mda naV _yi AmH$ma 
YmaU H$aVmo. H$maU ñn§OmÀ`m KQ>H$ ^mJm§_Ü`o _moH$ù`m OmJm 
AgVmV. `m _moH$ù`m OmJm§_Ü`o hdm AgVo hr Amnë`mcm 
AmO _m{hVr Agcocr Jmoï> jU^a ~mOycm R>ody `m. _J Amnco 
{ZarjU H$m` gm§JVo? 

"nXmWm©À`m KQ>H$m§À`m Xaå`mZ _moH$ù`m OmJm Agë`m Va 
nXmWmªMm g§H$moM hmoD$ eH$Vmo.'

dm`y§À`m ñdê$nm{df`r Agm {dMma H$ê$Z Am{U dm`y§da 
doJdoJio à`moJ H$ê$Z ~m°BcZo Agm {ZîH$f© H$mT>cm H$s,

"Á`m AWu dm`y g§H$moMVmV (contract) qH$dm {dñ\$maVmV 
(expand) Ë`m AWu dm`y A{Ve` gyú_ H$Um§Mo ~Zcoco 
AgmdoV. ho H$U EH$_oH$m§nmgyZ àM§S> (H$Um§À`m AmH$mamÀ`m 
VwcZoZo) A§Vamda AgmdoV. H$Um§À`m Xaå`mZ Ho$di _moH$ir 
OmJm -{Zdm©V- Agmdr.' 
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Á`m AmH$ma_mZm_Ü`o nXmWm©À`m KQ>H$m§Mm -AUy§Mm- A^md 
AgVmo Aem AmH$ma_mZmg {Zdm©V (vacuum) Ago åhUVmV.

hm {dMma Amnë`mcm AUwàUmcrH$S>o H$gm ZoD$ eH$Vmo Vo 
~Ky `m.

AmH¥$VrV XmIdë`mà_mUo dm\o$À`m H$Um§À`m g§»`oV ~Xc Z 
hmoVm dm\$ g§H$moMVo (AmHw§$MZ nmdVo) qH$dm {dñ\$maVo. (àgaU 
nmdVo)

dm\o$À`m H$Um§À`m Xaå`mZ {Zdm©V nmoH$ir (Vacuum) Amho. 
dm\$ H$Uñdê$n Amho.

dm\o$Mo nmUr qH$dm ~\©$ Pmë`mda H$Uñdê$n (AUwñdê$n) 
Zmhrgo ìhm`Mo H$m§hrM H$maU Zmhr. \$ŠV H$U EH$_oH$m§À`m 
IynM Odi Amcoco AgVrc. H$Uñdê$n H$m`_ amhVo åhUOo 
nmUr d ~\©$ hohr H$Uñdê$n (AUwñdê$n) Agco nm{hOoV.

nXmW© AUwñdê$n AgmdoV `mnmgyZ nwT>rb g§H$ënZm AmoKmZoM 
`oVmVŸ�
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EH$ _yinXmW©-_ycÐì`-EH$mM àH$maÀ`m AUy§nmgyZ ~Zcocm 
Agmdm.
AÝ` _ycÐì`o ~ZdUmè`m AUy§Mo JwUY_© doJio doJio 
AgmdoV.
g§`wŠV nXmW©-g§`wJo-hr XmoZ qH$dm A{YH$ _ycÐì`m§À`m 
g§`moJmZo ~ZV AgmdrV.
Aem {dMmam§À`m AmYmao ~m°BcZo _ycÐì`mMr ì`m»`m Aer 

Ho$crŸ�

"_ycÐì`o AÝ` nXmWmªnmgyZ qH$dm EH$_oH$m§nmgyZ ~ZV 
ZmhrV. _ycÐì`m§Mm g§`moJ hmoD$Z nXmW©-g§`wJo ~ZVmV. 
nXmWmªMo-g§`wJm§Mo {dKQ>Z Pmë`mg _ycÐì`o {ZînÞ 
hmoVmV.'

`m ì`m»`oZwgma B.g.1674 _Ü`o Omogo\$ ãc°H$ `mZo  
"\$m°ñ\$ag' `m _ycÐì`mMm emoY cmdcm. emoYco Jococo ho n{hco 
_ycÐì`!

AR>amì`m eVH$mÀ`m eodQ>r eodQ>r AÝËdmZ² cmoam§ cìhm{OE 
(B.g.1743-1794)`mZo ~m°B©cÀ`m ì`m»`oda AmYm[aV Aer 
_ycÐì`mMr nyU©nUo à`moJ{Zð> ì`m»`m Ho$cr. Vr AerŸ�

"Á`m nXmWm©nmgyZ AmUIr gmono nXmW© à{H«$`m§Ûmao 
{_idVm `oV ZmhrV Agm nXmW© åhUOo _yinXmW©-
_ycÐì`.'

~m°BcZ§VaÀ`m H$mimVë`m ñQ>mc, H°$ìh|{S>e, àrñQ>co, erc, 
cìhm{OE Aem AZoH$ {X½JO agm`Zemókm§Zr _ycÐì`o, 
A{^{H«$`m, à`moJnÕVr `m gd©M ~m~VrV \$ma _hÎdmMo emoY 
cmdco. A{Ve` VwQ>nw§Á`m gmYZm§À`m gmhæ`mZo BVHo$ _yc^yV 
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ñdê$nmMo g§emoYZ Ho$ë`m~Ôc AmnU \$ŠV AmXa`wŠV Amü`© 
ì`ŠV H$ê$ eH$Vmo.

cwB© àmCñQ> (B.g.1754-1826) `mZo A{^{H«$`m§À`m 
~m~VrVcm "{Z{üV à_mUm§Mm {Z`_' (Law of Definite 
Proportions) emoYyZ H$mT>cm. Vmo AgmŸ� "{d{eï> g§`wJ 
~ZVmZm Ë`mÀ`m KQ>H$ _ycÐì`m§Mr dOZr à_mUo hr {Z{üV 
Am{U pñWa AgVmV.' CXm. CuCO3 _Ü`o Cu : C : O `m§Mr 
dOZr à_mUo 5.3 : 1 : 4 AerM AgVmV.

A§ËdmZ² cmoam§ cìhm{OE `mZo agm`ZemómVrc JyT>dmXmcm 
nyU©nUo {Vcm§Ocr {Xcr. amgm`{ZH$ A{^{H«$`m§_Ü`o Á`m§Mr 
dñVw_mZo d AmH$ma_mZo AMyH$nUo R>a{dVm `oVrc AemM 
A{^{H«$`mH$maH$m§Mm d CËnm{XVm§Mm {dMma ìhmdm Agm X§S>H$ 
KmcyZ XoD$Z _mnZm{Y{ð>V (quantitative) agm`ZemómMr 
ñWmnZm Ho$cr.

A{^{H«$`oVrc gd© CËnm{XVm§À`m d A{^{H«$`mH$maH$m§À`m 
dñVw_mZmMm {dMma Ho$cm Va dñVw_mZ {Z_m©Uhr hmoV 
Zmhr d Zï>hr hmoV Zmhr.

hm agm`ZemómVrc Aj` dñVw_mZmMm {Z`_ cìhm{OEZo 
_m§S>cm.

Aj` dñVw_mZmMm {Z`_, àmCñQ>Mm {Z`_ Am{U Ë`mdoio-
n`ªV agm`ZemómV cmJcoco emoY `m§À`m AmYmao Om°Z S>mëQ>ZZo 
(B.g.1766-1844) B.g. 1803 _Ü`o Amncr "AUwàUmcr' 
_m§S>cr. Vr nwT>rbà_mUoŸ�
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nXmW© AUy§Mo ~Zcoco AgVmV.

EH$m _ycÐì`mMo gd© AUy g_mZ JwUY_mªMo AgVmV. ho 
JwUY_© Xwgè`m _ycÐì`mÀ`m AUy§À`m JwUY_m©hÿZ {^Þ 
AgVmV.

EH$m _ycÐì`mMo gd© AUy EH$m {d{eï> dñVw_mZmMo 
AgVmV.

AUy A{dZmer (indestructible) AgVmV.

AUy§À`m g§`moJm_wio g§`wJo ~ZVmV.

`m àUmcrMo {ZîH$f© H$m` AgVrc `mMm {dMma H$aÊ`mgmR>r 
Eo{Vhm{gH$ ÑîQ>çm WmoS>rer Z§VaMr, Om°Ýg OmH$mo~ ~P}{c`gZo 
(B.g. 1779-1848) gwMdcocr "g§km' (symbol) hr g§H$ënZm 
WmoS>rer AmYrM dmnê$ `m.

A Aem coIZmZo AmnU A `m _ycÐì`mMm EH$ AUy , 
B Aem coIZmZo AmnU B `m _ycÐì`mMm EH$ AUy Am{U 
AB2 Aem coIZmZo Á`m g§`wJmV AMm EH$ AUy d BMo XmoZ 
AUy AmhoV Aem g§`wJmMm EH$ aoUy (molecule) XmIdy `m. 
AUy åhUOo _ycÐì`mMm chmZmV chmZ H$U. Voìhm g§`wJmÀ`m 
chmZmV chmZ H$Umcm doJio Zmd hdo. Vo Amho aoUy!

AB, AB2, AB3 hr aoUygyÌo AmhoV. åhUOo A d B `m 
_ycÐì`m§À`m AUy§nmgyZ ho aoUy H$go ~Zco Ë`mMo coIZ Amho Ago 
åhUVm `oB©c.

AmnU ABC qH$dm ABC2 Aem aoUygyÌm§Mm {dMma H$ê$ `m. 

 A `m AUyMo dñVw_mZ x, 
 B `m AUyMo dñVw_mZ y, 
 C `m AUyMo dñVw_mZ z
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Ago Agoc Va ABC `m g§`wJm_Ü`o A, B, C `m _ycÐì`m§Mr 
dOZr à_mUo x:y:z Aer AgVrc. x:y:z ho {Z{üV d pñWa 
à_mU Amho.

ABC2 `m g§`wJm_Ü`o A, B, C `m _ycÐì`m§Mr dOZrà_mUo  
x:y:2z Aer AgVrc. x:y:2z ho EH$ doJio {Z{üV d pñWa 
à_mU Amho.

åhUOo `m àUmcrÀ`m 5ì`m H$c_mVyZ àmD$ñQ>Mm {Z{üV 
dOZr à_mUm§Mm {Z`_ {ZînÞ hmoVmo. `mM 5ì`m H$c_mVyZ 
S>mëQ>ZMm {d{dY JwUmoÎmam§Mm {Z`_gwÕm (Law of Multiple 
Proportions) {ZînÞ hmoVmo. Vmo {Z`_ Agm Amho.

"XmoZ _ycÐì`m§nmgyZ EH$mnojm OmñV g§`wJo ~ZV AgVrc 
Va EH$m _ycÐì`mÀ`m {Z{üV dñVw_mZmer g§`moJ 
hmoUmè`m Xwgè`m _ycÐì`mÀ`m doJdoJù`m dñVw_mZm§Mr 
JwUmoÎmao (ratios) gmÜ`m nyUmªH$m§Zr XmIdVm `oVmV.'

nwT>rb AmH¥$Ë`m§dê$Z hm {Z`_ ñnï> hmoB©cŸ� 

A  d B  `m  
_ycÐì`m§nmgyZ AB, AB2, 
AB3 Ago g§`wJm§Mo àH$ma 
~Zco Va B À`m dñVw_mZm§Mo 
JwUmoÎma 1 : 2 : 3 Ago 
Agoc.

S>mëQ>ZÀ`m àUmcrV aoUy 
(molecule) Mr g§H$ënZm J¥hrV Yacocr Amho. nU Vr ñnï> 
Zgë`mZo KmoQ>mio ìhm`Mo. S>mëQ>ZÀ`m ñdV…À`m _Vo _ycÐì`o 
EH$mUy (monatomic) ñdê$nmV {ZgJm©V AgVmV. hm MwH$rMm 
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{dMma ~mOycm gmê$Z nXmWmªMo Am{U _ycÐì`m§MogwÕm aoUyñdê$n 
{deX H$aÊ`mMo H$m_ A°_o{S>`mo A°ìhmoJmS´>mo (B.g.1776-1856) 
`mZo Ho$co.

àmD$ñQ>À`m dñVw_mZm{df`rÀ`m {Z`_mgmaIm dm`y§À`m 
~m~VrVrc "g§`moJr AmH$ma_mZm§Mm {Z`_' (Law of combining 
volumes) `mMm emoY Joë`wg°H$ (B.g.1778-1850) `mZo cmdcm 
hmoVm. Ë`mZwgma "dm`wAdñWoVrc A{^{H«$`m§_Ü`o A{^{H«$`mH$maHo$ 
Am{U CËnm{XVo `m§Mr AmH$ma_mZo gmÜ`m AmH$S>çm§À`m JwUmoÎmam§Zr 
XmIdVm `oVmV.' CXm.  
nmUr ~ZVmZm h¡S´>moOZ d Am°pŠgOZ `m§Mr AmH$ma_mZo 2:1 Aer 
AgVmV.

A°ìhmJmS´>moZo `m~m~V Ago gwMdco H$s "Vmn_mZ d Xm~ 
g_mZ AgVrc Va Hw$R>ë`mhr dm`yÀ`m g_mZ AmH$ma_mZm§_Ü`o 
gm_mdcoë`m H$Um§Mr g§»`m g_mZ AgVo.' A°ìhmoJmS´>moMo J¥hrVH$ 
(Avogadro's Hypothesis) `m ZmdmZo hm {Z`_ AmoiIcm 
OmVmo.

à`moJm§dê$Z ho _m{hVr Amho H$s - XmoZ ^mJ h¡S´>moOZ d EH$ 
^mJ Am°pŠgOZ `m§À`mnmgyZ 2 ^mJ nmUr ~ZVo. åhUOo nmÊ`mMo 
aoUygyÌ H2O Ago R>aco.

2n h¡S´>moOZMo H$U Am{U n Am°pŠgOZMo H$U `m§À`m 
g§`moJmVyZ 2n nmÊ`mMo H$U ~Zco. 2n nmÊ`mÀ`m H$Um§_Ü`o 2n 

Am°pŠgOZMo AUy AmhoV, Ë`m AWu dm`wê$n Am°pŠgOZÀ`m 
n H$Um§_Ü`o 2n Am°pŠgOZMo AUy AmhoV. åhUOo dm`wê$n 
Am°pŠgOZMm H$U hm {ÛAUy (diatomic) aoUy O2 Agm hdm. 
VgmM h¡S´>moOZgwÕm {ÛAUy aoUyñdê$nmV H2 Agm hdm. 
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A°ìhmoJmS´>moÀ`m J¥hrVH$mdê$Z "aoUy' hr g§H$ënZm {ZînÞ hmoVo 
VerM "_moc' (mole) hr A{Ve` _hÎdmMr agm`Zemór` 
g§H$ënZmhr {ZînÞ hmoVo. Vr H$er Vo nmhÿ `mŸ�

200 C Vmn_mZ d dmVmdaUr` Xm~ `m pñWVrVrc 22.4 
{cQ>a AmH$ma_mZmÀ`m h¡S´>moOZMo dñVw_mZ 2 J«°_, Z¡Q´>moOZMo 
dñVw_mZ 28 J«°_. Va Am°pŠgOZMo dñVw_mZ 32 J«°_ AgVo.

`m gdmª_Ü`o aoUy§Mr g§»`m g_mZ hdr hr g§»`m 
6.023x1023 EdT>r _moR>r Amho. `m g§»`ocm "_moc' 
(mole) Ago Zmd Amho. "_moc' hr EH$ g§»`m Amho.

h¡S´>moOZ AUyMo dñVw_mZ ho AUwdñVw_mZmMo EH$H$ (atomic 
mass unit) R>ady `m. åhUOo h¡S´>moOZÀ`m 2 J«°_ dñVw_mZmV EH$ 
_moc aoUy AgVmV. h¡S´>moOZÀ`m 1 J«°_ dñVw_mZmV EH$ _moc AUy 
AgVmV.

AUyMm dñVw_mZm§H$ Amho VodT>o J«°_ _ycÐì` KoVë`mg 
Ë`mV EH$ _moc _ycÐì`mMo AUy AgVmV. J«°_-AUy _Ü`o 
EH$ _moc AUy AgVmV.

g§`wJmMm aoUw^ma Amho VodT>o J«°_ g§`wJ åhUOo g§`wJmMo 
EH$ _moc aoUy! J«°_-aoUy_Ü`o EH$ _moc aoUy AgVmV.

S>mëQ>ZÀ`m àUmcrMm dmna H$ê$Z amgm`{ZH$ g§H$ënZm§_Ü`o 
gwgyÌVm AmUÊ`mMo H$m_ ~P}{c`g `m ñdr{S>e emókmZo Ho$co.

~P}{c`gZo àW_ A{Ve` {~ZMyH$ Aer 
AUw^mam§H$gm[aUr (Table of Atomic Weights) ~Zdcr.
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Ë`mZoM _ycÐì`m§À`m c°{Q>Z Zmdm§_Yrc AmÚmjam§dê$Z qH$dm 
AmÚmja d EH$ Aja dmnê$Z _ycÐì`m§Zm g§km (symbols) 
{Xë`m. H hr g§km h¡S´>moOZ `m _ycÐì`mMm EH$ AUy Xe©{dVo. 
Ohr g§km Am°pŠgOZ `m _ycÐì`mMm EH$ AUy Xe©{dVo. Cu hr 
g§km Vm§ã`mMm (cuprum) EH$ AUy Xe©{dVo, dJ¡ao.

_ycÐì`m§À`m g§km dmnê$Z g§`wJmV Vr _ycÐì`o H$moUË`m 
à_mUmV AmhoV ho Xe©{dUmao Ho$coco coIZ åhUOo aoUwgyÌo, CXm.  

  H2O  nmUr,  

  CO2 (H$m~©Z S>m` Am°ŠgmBS>), 
  NH3 (A_mo{Z`m dm`y) BË`m{X.

g§km, aoUygyÌo d + Am{U = hr {MÝho dmnê$Z amgm`{ZH$ 
A{^{H«$`oMo Ho$coco AMyH$ coIZ åhUOo amgm`{ZH$ g_rH$aU 
CXm.

 2H2 + O2  = 2H2O

 Zn + 2HCl  = ZnCl2 + H2

 3H2 + N2  = 2NH3              ... dJ¡ao

A{^{H«$`mH$maHo$  = CËnm{XVo 

=  `m {MÝhmÀ`m S>mdrH$S>rc nXmW© åhUOo A{^{H«$`mH$maHo$  
 (reactants) 

=  `m {MÝhmÀ`m COdrH$S>rc nXmW© åhUOo CËnm{XVo   
 (products).

g§km, aoUwgyÌo Am{U amgm`{ZH$ g_rH$aUo `m§Mm dmna 
~P}{c`gZo gwê$ Ho$cm.
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amgm`{ZH$ A{^{H«$`m§_Ü`o AI§S>nUo ^mJ KoUmè`m 
AUwg_wÀM`m§Zm "_ycHo$' (radicals) ho Zmd ~P}{c`gZo {Xco. 
g_mZ aoUygyÌ nU doJdoJio JwUY_© AgUmè`m g§`wJm§Zm g_gyÌr 
(isomer) ho Zmd Ë`mZoM {Xco.

amgm`{ZH$ g_rH$aUm§À`m nÕVr_wio "amgm`{ZH$ 
A{^{H«$`m åhUOo AUy§À`m _yi aMZm§_Ü`o ~Xc hmoD$Z 
ZdrZ aMZm {Z_m©U hmoUo' hm {dMma éOcm.

[
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	 4	 nXmWmªMo	 AUy		
	 	 Am{U	 {dÚwV	AUy

S>mëQ>Z, ~P}{c`g, A°ìhmoJmS´>mo BË`mXtZr _m§S>Ur Ho$cocr 
S>mëQ>ZMr AUwàUmcr hr AmVm agm`ZemómMm A{d^mÁ` ^mJ 
~Zcr hmoVr. hm H$mi hmoVm B.g. 1825 Vo 1890.

nXmWmªÀ`m amgm`{ZH$ JwUY_mªMm CcJS>m H$aÊ`mg 
AUyàUmcr nwaoer dmQ>V hmoVr. nU nXmWmªMo à^ma{Z{_©Vr, 
{dÚwV²YmamdhZ, Mw§~H$s` JwUY_© BË`mXtMm S>mëQ>Z AUwàUmcrZo 
H$m§hrM CcJS>m hmoV ZìhVm. nXmW© Am{U D$Om© d àmaUo `m§Mohr 
g§~§Y H$iV ZìhVo. EH$Xm nXmW© AUwñdê$n AgVmV ho _mÝ` 
Ho$co åhUOo darc gd© Jmoï>tMr ñnï>rH$aUo AUwàUmcrÀ`m 
gmhmæ`mZo {_im`cm hdrV. Vr emókm§Zr H$er H$er {_idcr 
Vo AmnU nmhUma AmhmoV. `m àH$aUmV AmnU AUy Am{U 
à^ma, {dÚwV²Ymam dJ¡a|Mo nañnag§~§Y VnmgUma AmhmoV.

{Jë~Q>© (B.g. 1540-1603) `mZo "H$mhr nXmW© Kf©UmZ§Va 
BVa chmZ nXmWmªZm AmH¥$ï> H$aVmV' ho XmIdco. `m nXmWmªZm 
Ë`mZo (Electrics) Ago Zmd {Xco.

Mmëg© \«$mÝñdm X {gñQ>Z} Xw \o$ (B.g. 1698-1739) `mZo 
H$m§Modarc YZ^ma (vitreous charge) Am{U cmIodarc F$U^ma 
(resinous charge) Aem XmoZ àH$maÀ`m à^mam§Mm emoY cmdcm. 
Vgo g_mZ à^mam§_Ü`o "AnH$f©U' (repulsion) Va Ag_mZ 
à^mam§_Ü`o "AmH$f©U' (attraction) AgVo ho {gÕ Ho$co.

_m`Ho$b \°$aoS>o
(1791-1867)
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H$m§M qH$dm cmI Aem H$mhr nXmWmªda Kf©UmZo EImÚm 
{R>H$mUr {Z_m©U Pmcocm à^ma ~amM doi VoWo {Q>Hy$Z amhVmo d 
hiwhiw hdoV {dê$Z OmVmo. Aem nXmWmªZm à^mam§Mo "Xwdm©hH$' 
(bad conductors) Ago åhUVmV.

YmVy§gma»`m nXmWmªda {Z_m©U Ho$cocm à^ma VËH$mi 
nXmWm©À`m n¥ð>^mJmda gd©Xya ngaVmo Am{U O{_Zrer g§nH©$ 
Amë`mg O{_ZrV {ZKyZ OmVmo. Aem nXmWmªZm à^mamMo 
"gwdmhH$' (good conductors) åhUVmV. AmH¥$VrV XmIdë`m- 
à_mUo gwdmhH$ EH$m Xwdm©hH$ AmYmaUrda ~gdyZ Ë`mda à^ma 
{Z_m©U Ho$cm Va Vmo à^ma ~amM H$mi Ë`mda {Q>Hy$Z amhVmo.

à^m[aV dñVyÀ`m Amg_§VmV 
à^mamMo "à^mdjoÌ' {Z_m©U hmoVo. 
CXm. Ho$g qdMaë`mda H§$Jdm 
à^m[aV hmoVmo Am{U OdiÀ`m 
H$mJXmÀ`m H$nQ>çm§gma»`m dñVy 
CMcyZ KoD$ eH$Vmo. à^mamÀ`m 
{OVHo$ Odi Omdo {VVH$m Ë`mMm 

"à^md' OmñV VgoM à^ma {OVH$m OmñV {VVH$m Ë`mMm "à^md' 
OmñV!

AmH¥$VrV XmIdë`m- 
à_mUo A Am{U B `m 
à^m[aV dñVy gwdmhH$mZo 
OmoS>ë`m Va à^ma OmñV 
"à^mdm'H$Sy>Z H$_r 
"à^mdm'H$S>o dmhVmo. hr 
Pmcr j{UH$ {dÚwV²Ymam! 

nmUr Ogo C§M nmVirH$Sy>Z gIc ^mJmH$S>o dmhVo Vgo.



AUyMo A§Va§J - 2�

Oa AmnU EImÚm g§`§ÌmÀ`m gmhmæ`mZo à^mdmÀ`m nmVir_
Yrc \$aH$ H$m`_ amIy eH$cmo Va _mÌ {dÚwV²Ymam OmñV 
à^mdmH$Sy>Z H$_r à^mdmH$S>o gVV dmhmV amhrc. hr Pmcr 
{Xï>Ymam (direct current)!

H$mhr ÐdnXmW©gwÕm {dÚwV²Ymam dmhÿZ ZoVmV. ewÕ nmÊ`m_YyZ 
{dÚwV²Ymam dmhmV Zmhr nU {_R>mÀ`m ÐmdUmVyZ {dÚwV²Ymam 
dmhVo.

Á`m ÐmdUm_YyZ {dÚwV²Ymam dmhmV Zmhr Ë`m§Zm "AZnKQ>Zr' 
(non-electrolytic) ÐmdUo åhUVmV. CXm. gmIaoMo ÐmdU. 

Á`m ÐmdUm§_YyZ {dÚwV²Ymam dmhVo Ë`m§Zm 
"AnKQ>Zr'(electrolytic) ÐmdUo åhUVmV. CXm. _rR>, _moaMyX, 
ZdgmJa `m§Mr ÐmdUo.

Acogm§Ðmo ìhmoëQ>m (B.g. 1745-1827) `mZo B.g. 1800 
_Ü`o Ago XmIdco H$s

"XmoZ doJdoJù`m YmVy§Mm AnKQ>Zr ÐmdUmÀ`m _mÜ`_mZo 
g§nH©$ gmYcm Va Ë`mnmgyZ {dÚwV²Ymam {_iVo.'

darc g§H$ënZoZwgma AmH¥$VrV XmIdë`mà_mUo Ë`mZo 
ìhmoëQ>mMr gm[aUr 
(Volta's Pile) `m 
ZmdmMm {dÚwV² òmoV 
~Zdcm.

ìhmoëQ>mÀ`m 
gm[aUrV AnKQ>Zr 
_mÜ`_mV amgm`{ZH$ 
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A{^{H«$`m KS>VmV. ~mhoa nS>coë`m D$O}Mo {dÚwV²D$O}V ê$nm§Va 
hmoVo. åhUOo 

amgm`{ZH$ A{^{H«$`m   {dÚwV² D$Om© {Z{_©Vr 

Agm g§~§Y AgVmo Ago {XgVo.

ìhmoëQ>m gm[aUtMm dmna H$ê$Z amgm`{ZH$ A{^{H«$`m       
KS>dÊ`mMr nÕV ga h§\«o$ S>oìhr (B.g. 1778-1829) `mZo emoYyZ 
H$mT>cr. 

AmH¥$VrV 
XmIdë`mà_mUo 
{dVicoë`m {_R>mVyZ 
(Vmn_mZ 8000C) 
{dÚwV² Ymam  
g§H«${_V H$ê$Z Ë`mZo 
{_R>mMo AnKQ>Z 
(dissociation) 

KS>dco d F$UQ>moH$mnmer gmo{S>`_ ho _ycÐì` {_idco. `mM 
nÕVrZo Ë`mZo nmoQ>°{e`_, ñQ´>m±M_, _°¾o{e`_, ~o[a`_ BË`m{X 
_ycÐì`o emoYyZ H$mT>cr. åhUOo {dÚwV²D$Om© dmnê$Z amgm`{ZH$ 
A{^{H«$`m KS>dVm `oVmV.

amgm`{ZH$ A{^{H«$`m åhUOo AUy§À`m OwÝ`m aMZm _moS>ë`m 
OmD$Z ZdrZ aMZm {Z_m©U hmoUo. Voìhm {dÚwV²D$Om© Am{U AUy 
`m§Mo nañnag§~§Y Agco nm{hOoV ho AmoKmZoM Amco. {dÚwV² 
agm`ZemómVco `mnwT>rc g§emoYZ ho `mM {XeoZo Pmco.

`m g§emoYZmMm AJ«Ur hmoVm _m`Ho$c \°$a°S>o  
(B.g. 1791-1867) `m AmYrÀ`m {cImUmV AmnU Oo eãX 
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dmnaco Ë`m§À`mgh {dÚwV²-agm`ZemómMr nyU© n[a^mfmM \°$a°S>oZo 
{Z_m©U Ho$cr. Vr n[a^mfm AmYr g_OyZ KoD$ `m.

Am`Z (Ion): AnKQ>Zr ÐmdUm§_YyZ {dÚwV²Ymam dmhÿZ ZoUmao AUy 
qH$dm AUwg_wÀM`! 

 Am`Z hr g§H$ënZm \°$a°S>oZo \$maem Zo_Ho$nUmZo _m§S>cr 
Zmhr. {VMr ì`dpñWV _m§S>Ur ñdmÝVo Am°JñQ> A°èhr{Z`g 
(B.g. 1859-1927) `m ñdr{S>e emókmZo Ho$cr. Vr AerŸ… 
{dVicoë`m gmo{S>`_ ŠcmoamBS>_YyZ Ooìhm {dÚwV²Ymam OmVo Voìhm 
gmo{S>`_ ŠcmoamBS>Mo {dKQ>Z-AnKQ>Z (dissociation) hmoVo. nU 
ho {dKQ>Z gmo{S>`_ Am{U ŠcmoarZ `m§À`m AUy§_Ü`o hmoV Zmhr 
Va YZ^m[aV gmo{S>`_ Am`Z Na+ Am{U F$U^m[aV Šcmo[aZ 
Am`Z Cl - Ago hmoV. Am`Zm§Mo JwUY_© AUy§À`m JwUY_m©nojm§ 
nyU©nUo doJio AgVmV. CXm. gmo{S>`_À`m AUyMr nmÊ`m~amo~a 
A{^{H«$`m hmoB©c, nU ÐmdUmVë`m gmo{S>`_ Am`ZmMr (Na+) 
nmÊ`m~amo~a A{^{H«$`m hmoUma Zmhr.

YZQ>moH$ (Anode): {dÚwV²ómoVmÀ`m YZQ>moH$mer OmoS>coco 
{dÚwV²KQ>mVrc Q>moH$.

F$UQ>moH$ (Cathode): {dÚwV²ómoVmÀ`m F$UQ>moH$mer OmoS>coco 
{dÚwV²KQ>mVrc Q>moH$.

AnKQ>Zr ÐmdU (Electrolyte): {dÚwV² Ymam g§H«${_V H$aUmao 
ÐmdU. `m ÐmdUmV AnKQ>Z hmoD$Z Am`Z {Z_m©U Pmcoco 
AgVmV.

AZnKQ>Zr ÐmdU (Non-electrolyte): {dÚwV²Ymam g§H«${_V 
Z H$aUmao ÐmdU. `m ÐmdUmV AnKQ>Z Pmcoco ZgVo. Am`Z 
{Z_m©U Pmcoco ZgVmV.
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YZm`Z (Cations): YZ^m[aV Agë`mZo F$UQ>moH$mH$S>o OmUmao d 
F$UQ>moH$mnmer CËg{O©V hmoUmao Am`Z.

F$Um`Z (Anions): F$U^m[aV Agë`mZo YZQ>moH$mH$S>o OmUmao d 
YZQ>moH$mnmer CËg{O©V hmoUmao Am`Z.

{dÚwV² AnKQ>Z (Electrolysis): AnKQ>Zr KQ>mVyZ {dÚwV²Ymam 
g§H«${_V Pmë`mda amgm`{ZH$ A{^{H«$`m KS>Uo d F$UQ>moH$mnmer 
YZm`Z (cation) Am{U YZQ>moH$mnmer F$Um`Z (anion) `m§Mo 
CËgO©Z hmoUo.

{dÚwV² {dconZ (Electroplating): F$UQ>moH$mnmer CËg{O©V 
Pmcoë`m YZm`Zm§Mr (cations) ÐmdH$mer qH$dm F$UQ>moH$mer 
A{^{H«$`m Z hmoVm YZm`Zm§Mo (cations) F$UQ>moH$mda O_m hmoUo.

B.g. 1832 d 1833 _Ü`o Ho$coë`m à`moJm§À`m AmYmao 
{dÚwV²-AnKQ>Zmg§~§Yr \°$a°S>oZ| Imcrc {Z`_ emoYyZ H$mT>co.

n{hcm {Z`_: "EH$mÚm {dÚwV²Q>moH$mda (Electrode) O_m 
Pmcoë`m qH$dm CËg{O©V Pmcoë`m nXmWm©Mo dñVw_mZ AnKQ>Zr_
YyZ OmUmè`m {dÚwV² à^mamÀ`m g_à_mUmV AgVo.'

 m = CËg{O©V dñVw_mZ.
 Q = AnKQ>ZrVyZ OmUmam à^ma.
 c = AnKQ>ZrVyZ OmUmar {dÚwV²Ymam A±{nAa_Ü`o
 t = {dÚwV²Ymam OmÊ`mMm H$mc, goH§$Xm_Ü`o.
 z = nXmW©{d{eï> {dÚwV²amgm`{ZH$ pñWam§H$  

      (Electrochemical Equivalent).
Aem `m amet_Yrc g§~§Y g_rH$aUmÀ`m J{UVr ^mfoV Agm 

{c{hVm `oVmo.

 m = ZQ = Zct .......................(1)
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Xwgam {Z`_ _m{hVr H$ê$Z KoÊ`mAmYr H$mhr ametMr d 
g§H$ënZm§Mr AmoiI H$ê$Z KoD$.

Hw$cmo_ (Coulomb): à^mamMo EH$H$. EH$ A±{n`aMr 
{dÚwV²Ymam EH$ goH§$X `m H$mimV EH$ Hw$cmo_ EdT>m à^ma 
g§H«${_V H$aVo.

g__yë`^ma (Equivalent Weight): g§`wOm EH$ Agcoë`m 
_ycÐì`mMo EH$ _moc AUy. g§`wOm XmoZ Agcoë`m _ycÐì`mMo 
1/2 _moc AUy. g§`wOm VrZ Agcoë`m _ycÐì`mMo 1/3 _moc AUy 
dJ¡ao.

\°$a°S>oMm Xwgam {Z`_… "AnKQ>Zr KQ>mVyZ EH$ \°$a°S>o åhUOo 
96500 Hw$cmo_ EdT>m à^ma g§H«${_V Pmcm Va {dÚwV²Q>moH$mnmer 
EH$ g__yë`^ma EdT>o _ycÐì` CËg{O©V hmoVo.

EH$ \°$a°S>o EdT>çm à^mamMm AUy§À`m g§»`oer gaigai 
g§~§Y Amho Ago {XgVo. Aem {ZarjUm§dê$Z Om°O© Om°ÝñQ>Z 
ñQ>moZr (B.g. 1826-1911) `mZo Agm {ZîH$f© H$mT>cm H$sŸ�

{dÚwV²à^ma AUwñdê$n Agm`cm hdm. 

{dÚwV² à^mamÀ`m AUwcm Ë`mZo BcoŠQ´>m°Z (Electron)  
ho Zmd {Xco.

AmVmn`ªV à^ma Am{U {dÚwV²Ymam `m§À`m~Ôc WmoS>r\$ma 
_m{hVr AmnU {_idcr Amho. nU `m XmoÝhrMo Zo_Ho$ ñdê$n 
H$m`? `mMo AOyZhr Amnë`mcm CÎma XoVm `oUma Zmhr.

AUy Am{U à^ma `m§Mmhr nañnag§~§Y Agmdm Ago {XgVo. 
Vmo Zo_H$m H$gm Amho hogwÕm AOyZ ZrQ>go _m{hVr Pmcoco Zmhr.
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`mMo H$maU Ago Amho H$s, AUyMo Zo_Ho$ ñdê$n H$iÊ`mgmR>r 
à^ma Am{U {dÚwV² `m§Mohr Zo_Ho$ ñdê$n H$iUo Amdí`H$ Amho. 
VgoM à^ma Am{U {dÚwV² `m§Mo Zo_Ho$ ñdê$n H$iÊ`mgmR>r 
AUyMo Zo_Ho$ ñdê$n H$iUo Amdí`H$ Amho. Ë`m_wio `m XmoÝhtMm 
Aä`mg nañnanyaH$ nÕVrZo H$aUo Amdí`H$ Amho.

[
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	 5	 AUyMo	A§Va§J	Am{U	
	 	 Wm°_gZMr	AUyà{VH¥$Vr

_mJrc àH$aUmV AmnU AUy Am{U à^ma d {dÚwV²Ymam 
`m§À`m_Yrc nañnag§~§Ym§Mr WmoS>rer _m{hVr KoVcr. AmVm AUy 
Am{U D$Om© d àmaUo `m§Mr _m{hVr ¿`m`cm hdr Aer Anojm 
{Z_m©U Pmcr Agoc. na§Vw AUy Am{U D$Om© d àmaUo `m§Mm 
Aä`mg AmnU WmoS>çm C{eamZo, nU `mo½` doir H$ê$. gÜ`m 
_mÌ AmnU AUy d à^ma Am{U {dÚwV²Ymam `m§Mm Aä`mg Mmcy 
R>odUma AmhmoV.

S>mëQ>ZMr AUyàUmcr Anwar nS>Vo EdT>o {Z{üV Pmë`mda 
{VÀ`mVrc H$moUË`m g§H$ënZm ~XcUo Amdí`H$ Amho `mMm 
{dMma ìhm`cm cmJcm.

gd©gmYmUanUo nXmW© à^maa{hV AgVmV Agm Amncm 
AZw^d Amho. nXmW© AUy§Mo ~Zcoco AgVmV åhUOo 
gd©gmYmaUnUo AUy à^maa{hV AgVmV Ago åhUmdo cmJoc.

na§Vw Kf©Umgma»`m gmÜ`m Cnm`m§Zr nXmW© à^m[aV H$aVm 
`oVmV hmhr Amncm AZw^d Amho. Ho$g qdMê$Z Pmë`mda Ë`mM 
H§$Jì`mZo H$mJXmMo N>moQ>o N>moQ>o H$nQ>o CMcÊ`mMm Ioi OdiOdi 
àË`oH$mZo Ho$cm AgVmo.

à^maa{hV nXmWmªda åhUOoM AUy§da Kf©UmZo {Z_m©a Pmcocm 
hm à^ma H$moRy>Z Amcm? AWm©VM AUyÀ`m A§Va§JmVyZ! `m{edm` 
Xwgar eŠ`Vm {XgV Zmhr.

Oo. Oo. Wm°_gZ 
(1856-1940)
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à^ma XmoZ àH$maMo AgVmV - YZ Am{U F$U. Hw$R>cmhr 
EH$mM àH$maMm à^ma AUyÀ`m A§Va§JmV Agoc Va AUy à^m[aV 
AgVmV Ago {ZarjUmVyZ {ZînÞ hmoB©c. nU gd©gmYmaUnUo 
AUy à^m[aV ZgVmV Ago Amnco {ZarjU Amho. åhUOo 
AUyÀ`m A§Va§JmV YZ d F$U à^ma ho XmoÝhr g_à_mUmV,  
EH$_oH$m§Zm {ZîH¥$V (cancel) H$aVrc Aem _mÌoMo Agco 
nm{hOoV.

ho gJio _mÝ` Ho$co åhUOo AUycm Am§V[aH$ g§aMZm 
(internal structure) Agcr nm{hOo; AUy A{d^mÁ` 
ZgyZ doJdoJù`m ^mJm§Mm ~Zcocm Agcm nm{hOo ho 
{ZînÞ hmoVo.

S>mëQ>ZÀ`m àUmcrVrc AUyMr A{d^mÁ`Vm hr g§H$ënZm 
emókm§Zr gmoSy>Z {Xcr Am{U AUyÀ`m Am§V[aH$ KQ>H$m§Mm emoY 
gwê$ Pmcm. doJdoJù`m joÌmVë`m g§emoYZmMr _XV `m  
emoYm_Ü`o KoVcr Jocr.

\°$a°S>o Am{U BVam§Zr Ðdm§_YyZ {dÚwV²Ymam g§H«${_V H$ê$Z AUy 
d {dÚwV² `m§À`m nañna g§~§Ym{df`r ~arM _m{hVr {_idcr. 
Vem àH$maMr _m{hVr dm`y§Mm dmna H$ê$Z {_idÊ`mgmR>r 
dm`y§_YyZ {dÚwV²Ymam g§H«${_V H$aÊ`mMo à`moJ gwê$ Pmco.

Eadr dm`y§_YyZ qH$dm hdo_YyZ {dÚwV²Ymam g§H«${_V hmoV 
Zmhr. na§Vw 1854 gmcr H$m§MoÀ`m Zù`m§_Ü`o {d{eï> dm`y ^ê$Z 
A{Ve` H$_r Xm~ {Z_m©U H$aÊ`mMo V§Ì "Jogca' `mZo {dH${gV 
Ho$co.

B.g. 1860 À`m gw_mamg "ßc_a' `mZo `m Jogca Zù`m§_Ü`o 
F$U d YZ Q>moHo$ (electrodes) ~gdyZ Am{U Iyn _moR>o {d^dm§Va 
(voltage) dmnê$Z {dÚwV²Ymam g§H«${_V H$am`cm gwê$dmV Ho$cr.
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Aem Zircm {dÚwÝ_moM Zir (Gaseous Discharge 
tube) Ago åhUVmV. ßc_acm Ago AmT>ico H$s EH$ eVm§e 

dmVmdaUr` Xm~mcm 
Aer Zir {Xár_mZ 
hmoVo. {Xár_mZ 
{dÚwÝ_moM Zù`m§Mr 
_m{hVr AmnU 
Oamer Z§Va KoUma 
AmhmoV.

ßc_acm 
nwT>o Agohr {XgyZ Amco H$s, {dÚwÝ_moM ZirVrc Xm~ EH$ 
Xeghòm§e dmVmdaUr` Xm~mBVH$m H$_r Pmcm Varhr {dÚwV²Ymam 
dmhVM AgVo. dm`yMr {Xár g§nyZ Zir A§YmaVo. nU {dÚwV² 
Q>moH$m§OdiMr H$mM {hadQ> {Xár Xe©dVo. Mw§~H$m_wio hr {hadQ> 
{Xár {dM{cV hmoVo.

B.g. 1869 _Ü`o 
AmH¥$VrV XmIdcocr 
{dÚwÝ_moM Zir dmnê$Z 
{hÅ>m°\©$ Am{U H«w$Šg 
`m§Zr Ago XmIdco H$s 
`m {XárÀ`m _mJm©V 
AS>Wim Amë`mg Ë`mMr 
gmdcr nS>Vo. (H$mMoMm 
VodT>m ^mJ {Xár_mZ hmoV 

Zmhr.) ZirVrc dm`w Hw$R>cmhr Agcm Am{U F$U d YZ Q>moHo$ 
H$moUË`mhr YmVyMr Agcr Var `m {XárMo JwUY_© ~XcV ZmhrV.
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B.g. 1876 _Ü`o `m {Xárcm H°$WmoS> {H$aU (Cathode Rays) 
Ago Zmd {Xco Joco. `m {XárMm Oo.ŸOo. Wm°_gZ (B.g.1856-
1940) `mZo A{Ve` gImoc Aä`mg Ho$cm. H°$WmoS> {H$aU 
ho {dÚwVr` joÌmV {dM{cV hmoVmV ho Ë`mZo XmIdco Am{U 
ho {H$aU ZgyZ H$U AgVmV Agm {ZîH$f© H$mT>cm. {dÚwVr` 
joÌmVrc {dMcZmÀ`m {Xeodê$Z ho H$U F$U^m[aV Agco 
nm{hOoV ho Ë`mZo XmIdco.

ñQ>moZrMo BcoŠQ´>m°Z Vo hoM Am{U hoM H$U àË`oH$ AUyMo 
KQ>H$ AgVmV ho Wm°_gZZo XmIdco.

AUyMm EH$ KQ>H$ F$U^m[aV BcoŠQ´>m°Z Va gmnS>cm. 
à`moJm§Ûmao `m BcoŠQ´>m°ÝgMo JwUY_© Ago AgVmV ho R>acoŸ�

BcoŠQ´>m°Z à^ma  = - 1.6 x 10-19 Hw$cmo_

BcoŠQ´>m°Z dñVw_mZ  = 9.1 x 10-28 J«°_

BcoŠQ´>m°Z {ÌÁ`m  = 2.818 x 10-13
  go._r.

ho {ZîH$f© AmnU J¥hrV Yê$Z nwT>rc MM}gmR>r dmnaUma 
AmhmoV.

`mnwT>Mr nm`ar åhUOo AUyMr {ÌÁ`m H$m` Agmdr `mMm 
A§XmO cmdm`Mm hmoVm. `mgmR>r AmnU A°ìhmJmS´>moZ| àW_ 
_m§S>Ur Ho$cocr "_moc' (mole) hr g§H$ënZm dmnê$Z Am{U 
_hÎmmloUr (order of magnitude) n`ªV AMyH$ Aer AUyMr 
{ÌÁ`m R>ady `m.

Aë`y{_{Z`_À`m 27 J«°_ dñVw_mZmMo åhUOo EH$m J«°_ AUyMo 
AmH$ma_mZ (volume) 10cm3 EdT>o Amho.
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Aë`w{_{Z`_Mo R `m {ÌÁ`oMo JmocmH$ma AUy ñWm`y_Ü`o 
EH$_oH$m§Zm {MH$Qy>Z AmhoV Ago g_Oy `m. AUy§Mr g§»`m EH$ 
_moc åhUOo (6.023 x1023) EdT>r. AUyMo AmH$ma_mZ (volume)  
 

àË`oH$s   BVHo$. Voìhm _hÎmm loUrn`ªV AMyH$ Ago nwT>rc 
g_rH$aU {c{hVm `oVo.

AUyMr {ÌÁ`m 10-8 cms `m _hÎmmloUrMr (order of 
magnitude) Amho.

Aem àH$maÀ`m g§H$ënZm§Mm dmna H$ê$Z Wm°_gZZ| AUy H$gm 
Agmdm `mMr EH$ à{VH¥$Vr gwMdcr. Vr AerŸ�

AUy hm gmYmaU 10-8 cms 
EdT>çm {ÌÁ`oMm ^ard 
YZ^m[aV Jmoc AgVmo.

`m YZ^m[aV JmocmV 
H$qcJS>mVë`m {~`m§à_mUo 
F$U^marV BcoŠQ´>m°Ýg {dIwacoco 
AgVmV. BcoŠQ´>m°ÝgMr g§»`m 
YZ^ma {ZîH¥$V H$am`cm nwaoer 
AgVo.

1.

2.

34

3
Rπ

3 3

23 3 3

8

4
1mole R 10cm

3
4

6.023 10 R 10 cm
3

R 1.6 10 cm.−

× π =

∴ × × π =

≅ ×
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BcoŠQ´>m°Z hm AUynojm gyú_ Agm AUyMm KQ>H$ Amho.

AUyVyZ EH$ qH$dm OmñV BcoŠQ´>m°Z ~mhoa nS>ë`mg Cacocm 
AUy YZ^m[aV Am`Z hmoVmo. CXm (Na+,  Mg++, Al+++) 
dJ¡ao. ~mhoa nS>cocm/nS>coco BcoŠQ´>m°Ýg AÝ` AUy§er gc¾ 
Pmë`mZo F$U^marV Am`Ýg hmoVmV. CXm. Cl-, O-- dJ¡ao.

coZmS>© `m emókmZogwÕm H°$WmoS> {H$aUm§da à`moJ Ho$co hmoVo. 
Ë`mMo {ZarjU Ago hmoVo H$s, "H°$WmoS> {H$aU åhUOo BcoŠQ´>m°Ýg 
YmVy§À`m nmVi nÍ`m_YyZ \$mago {dM{cV Z hmoVm Amanma 
OmVmV. Ë`m_wio Ë`mMo AUwg§~§YrMo Oamgo doJio {ZîH$f© Ago 
hmoVoŸ�

AUy hm ~amMgm nmoH$i Agmdm.
AUyÀ`m A§Va§JmV YZ-F$U ^mam§À`m OmoS>çm Agmì`mV
à`moJm§À`m `m {ZîH$fmªH$S>o cj {Xë`mda H$mhr e§H$m 

CX²^dVmV. Ë`m AemŸ�

 Wm°_gZÀ`m à{VH¥$VrV gwMdë`mà_mUo AUy ^ard Amho H$s 
coZmS>©À`m gyMZoà_mUo AUy ~amMgm nmoH$i Amho?

Wm°_gZ à{VH¥$VrVë`m YZ^mamMo {dVaU AUyÀ`m A§Va§JmV 
H$go Pmcoco Amho?

coZmS>©À`m _Vmà_mUo AUyÀ`m A§Va§JmV YZ-F$U à^mam§À`m 
OmoS>Jmoù`m AmhoV H$m?

AUy~mhoa nS>Umao H$U \$ŠV F$U^m[aV BcoŠQ´>m°ÝgM AgVmV 
Ago H$m?

`m gd© àým§Mr CÎmao {_idÊ`mgmR>r Wm°_gZÀ`m 
à{VH¥$VrMr AmUIr VnmgUr Amdí`H$ R>acr hmoVr.

[

3.

4.





1.

2.

3.

4.
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	 6	 AUyMr	 éXa\$moS>©	 à{VH¥$Vr

_mJrc àH$aUmÀ`m eodQ>r AmnU AUyÀ`m ñdê$nm{df`r 
~è`mM e§H$m CnpñWV Ho$ë`m hmoË`m. Ë`m§Mo g_mYmZ hmoÊ`mgmR>r 
Am{U AUyMo ñdê$n Am{U JwUY_© ì`dpñWVnUo g_OyZ 
KoÊ`mgmR>r AmUIr à`moJ Amdí`H$ hmoVo. ho à`moJ AZ}ñQ> 
éXa\$moS>© (B.g. 1871-1937) `m Ý`wPrc§S>_Ü`o OÝ_coë`m 
nU B§½c§S>_Ü`o amhUmè`m emókmZo Ho$co. AUynojm gyú_ Aem 
à^m[aV H$Um§Mm AUy§da _mam H$ê$Z AUyÀ`m ñdê$nm{df`r 
_m{hVr {_idm`Mr hm éXa\$moS>©À`m à`moJm§Mm Jm^m hmoVm.

AUynojm gyú_ Am{U åhUyZ AUy ^oXy eH$Vrc Ago 
A{VdoJdmZ à^m[aV H$U H$go {_idm`Mo hm àý éXa\$moS>©nwT>o 
hmoVm. Ë`mgmR>r Ë`mZo B.g. 1900 _Ü`o ~o¹o$ac `m emókmZo 
emoY cmdcocm "nmocmo{Z`_' hm {H$aUmoËgmar (radioactive) òmoV 
dmnam`Mo R>adco.

àmaU (radiation) åhUOo _mÜ`_mVyZ qH$dm _mÜ`_m{dZm 
D$Om© EH$m {R>H$mUmhÿZ Xwgè`m {R>H$mUr KoD$Z OmÊ`mMr {ZgJm©Mr 
nÕV! `mMr {dñV¥V _m{hVr nwT>o `oUma Amho.

H$mhr _ycÐì`m§À`m ApñWa AUy§_YyZ CËñ\y$V©nUo 
àmaUo ~mhoa nS>Ê`mMr à{H«$`m åhUOo {H$aUmoËgm[aVm 
(Radioactivity)!

AmH¥$VrV XmI{dë`mà_mUo nmocmo{Z`_À`m òmoVm_YyZ gd© 
{Xem§Zm VrZ àH$maMr àmaUo ~mhoa nS>VmV. Ë`mn¡H$s \$ŠV D$Üd© 

AZ}ñQ> éXa\$moS>© 
(1871-1937)
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{XeoMr àmaUo {eemÀ`m 
AmdaUm~mhoa nS>VmV. 
~mH$s {Xem§Mr àmaUo 
{eemÀ`m AmdaUmV 
emofcr OmVmV. 
H$mJXmÀ`m àVcmÀ`m 
H$mQ>H$moZmV Oa Mw§~H$s` 
joÌ {Z_m©U Ho$co Va 
`m àmaUm§Mo VrZ ^mJ 
hmoVmV. S>mdrH$S>o WmoS>çm 
à_mUmV {dM{cV hmoUmar 
d YZ^m[aV Aë\$m(a) 
àmaUo, A{dM{cV 

amhUmar J°_m(g) àmaUo d COdrH$S>o _moR>çm à_mUmV {dM{cV 
hmoUmar F$U^m[aV ~rQ>m (b)àmaUo.

`mn¡H$s ~rQ>m àmaUo åhUOo F$U^m[aV BcoŠQ´>m°Ýg AgVmV. 
J°_m àmaUo åhUOo {dÚwV²Mw§~H$s` àmaUo AgVmV. Aë\$m àmaUo 
hr YZ^m[aV Aë\$m H$Um§Mr ~Zcocr AgVmV.

`m A{VdoJdmZ² Aë\$m H$Um§Mo JwUY_© Ago AmhoVŸ�

Aë\$m à^ma  + 3.2 x 10-19 Hw$cmo_

Aë\$m dñVw_mZ 6.6 x 10-24 J«°_
Aë\$m {ÌÁ`m 10-13

  go._r.
hr _m{hVr J¥hrV Yê$Z AmnU nwT>rc MM}gmR>r dmnaUma 

AmhmoV.

éXa\$moS>©Zo nmocmo{Z`_nmgyZ {_iUmè`m A{VdoJdmZ² Aë\$m 
H$Um§Mm _mam gmoÝ`mÀ`m A{Ve` nmVi nÍ`mda Ho$cm. `m 
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nÍ`mMr OmS>r Ho$di EH$ nÞmghOmam§e g|._r. (1/50000 
cm) EdT>r hmoVr. OmS>rÀ`m {XeoZo EH$mnwT>o EH$ Ago gmoÝ`mMo 
(20000) AUy Ë`mV g_m{dï> hmoVo.

gmoÝ`mÀ`m nÍ`mda 
AmKmV Ho$ë`mda 
doJdoJù`m {Xem§Zm 
{d{H$aU (scattering) 
hmoUmè`m Aë\$m 
H$Um§Mr _moOXmX 
R>odÊ`mgmR>r doJdoJù`m 
{Xem§Zm "X' `m 
Aë\$mH$UXe©H$m§Mr 
gmo` Ho$cr hmoVr.

H$moUË`m àH$maMr {ZarjUo Ano{jV hmoVr?

AUyMo dñVw_mZ 10-8 cms EdT>çm {ÌÁ`oÀ`m JmocmV g_ 
à_mUmV {dIwacoco Agoc Va Aem AUycm "^ard' AUy 
Ago åhUVm `oB©c. 
-AUy Oa "^ard' Agoc Va Aë\$m H$U gmoÝ`mÀ`m AUy§da 
AmKmV Ho$ë`mda doJdoJù`m {Xem§Zm {d{H$[aV (scattered) 
hmoVrc. nÍ`mÀ`m Á`m ~mOyZo Aë\$m H$U Amco Ë`mM 

1.
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~mOycm `m {d{H$aUmÀ`m (scattering) {Xem AgVrc. 
Aë\$m H$U nÍ`mVyZ Amanma OmUma ZmhrV.

Á`m AUyMo dñVw_mZ Ë`mÀ`m JmocmH$ma AmH$ma_mZmV g_ 
à_mUmV {dIwacoco ZgyZ AUyÀ`m H|$ÐñWmZr A{Ve` chmZ 
^mJmV EH$dQ>coco Agoc Va Aem AUycm "nmoH$i' AUy 
Ago åhUVm `oB©c. 
-AUy Oa "nmoH$i' Agoc Va Aë\$m H$U ~è`mM _moR>çm 
à_mUmV gmoÝ`mÀ`m nÍ`mVyZ Amanma {ZKyZ OmVrc.

YZà^ma AUy^a {dIwacocm Amho nU dñVw_mZ _mÌ 
Hw$R>oVar N>moQ>çm AmH$ma_mZmV EH$dQ>coco Amho Ago 
Agoc Va H$m` hmoB©c? 

-YZ^m[aV Aë\$mH$U AUyÀ`m 
_Ü` àVcmn`ªV `oB©nmdoVmo 
AnH$f©H$ ~cm_wio _§Xmdoc (doJ 
H$_r hmoB©c) nU _Ü`àVc 
nma Ho$ë`mda naV AnH$f©H$ 
~cm_wio doJ dmT>oc d AUy~mhoa 
nS>on`ªV Ë`mcm _yi doJ àmá 
Pmcocm Agoc. åhUOo Aë\$m 

H$U doJmV ~Xc Z hmoVm AUy_YyZ Amanma {ZKyZ OmB©c.

BcoŠQ´>m°ÝgÀ`m ñdê$nmV AUy^a {dIwacoë`m 
F$Uà^mamMm n[aUm_ H$m` 
hmoB©c? 
-_Ü`àVcmn`ªV AmH$f©H$ 
~cm_wco Aë\$mH$Um§Mm doJ 
dmT>oc nU _Ü`àVc nma 
Ho$ë`mda AmH$f©H$ ~cm_wioM 

2.

3.

4.
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dmT>cocm doJ H$_r hmoB©c d AUy~mhoa nS>on`ªV _yiMm doJ 
àmá Pmcocm Agoc. F$U^mamMm H$mhrhr n[aUm_ Z hmoVm 
Aë\$m H$U AUy_YyZ Amanma OmB©c.

Anojm§À`m `m nmœ©^y_rda à`moJmVyZ {ZînÞ Pmcocr {ZarjUo 
H$m` AmhoV Vo ~Ky `m,

20000 Aë\$m H$Um§n¡H$s 19990 Aë\$m H$U {Xem~Xc 
qH$dm doJ~Xc Z hmoVm gmoÝ`mÀ`m nÍ`m_YyyZ Amanma OmVmV. 
`mMm AW©Ÿ  
 
AUy ~amMgm nmoH$i AgVmo. 

20000 Aë\$m H$Um§n¡H$s \$ŠV EH$ Aë\$m H$U gmoÝ`mÀ`m 
nÍ`mda AmXiyZ 180 A§emVyZ {dMcZ hmoD$Z Amë`m {XeoZo 
naV OmVmo. `mMm AW©Ÿ 
 
AUyMo dñVw_mZ A{Ve` N>moQ>çm H|$ÐmOdiÀ`m ^mJmV 
EH$dQ>coco AgVo. 

20000 Aë\$m H$Um§n¡H$s \$ŠV ZD$ Aë\$m H$U doJdoJù`m 
{Xem§Zm {d{H$arV hmoVmV. {d{H$aU à^mam_wio hmoVo `mMm 
AW©Ÿ 
AUy_Yrc YZà^ma AgmM H|$ÐmOdiÀ`m A{Ve` N>moQ>çm 
^mJmV EH$dQ>cocm AgVmo.

b Am{U c ho {ZîH$f© éXa\$moS>©Zo A{Ve` pŠcï> J{UVr 
nÕVrZo H$mT>co hmoVo. AmnU Amnë`m gmoB©gmR>r Ë`m§Mo 
gwc^rH$aU Ho$co Amho. (Vo gmono Ho$coco AmhoV.)

a)

b)

c)
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éXa\$moS>©Zo gwMdcocr AUyMr à{VH¥$Vr (model) Aer 
AmhoŸ�

AUy hm  10-8cm EdT>çm {ÌÁ`oMm EH$ Jmoc AgVmo. AUyMm 
YZ^ma d dñVw_mZ 10-13cm {ÌÁ`oÀ`m H|$Ð^mJmV/H|$ÐH$mV 
EH$dQ>coco AgVo.

Cacoë`m 10-8cms À`m JmocmV 10-13cm {ÌÁ`oMo BcoŠQ´>m°Ýg 
{dIwacoco AgVmV.

ho BcoŠQ´>m°Ýg pñWa AgVrc H$m? AeŠ`! Vo Oa pñWa 
AgVrc Va H|$ÐH$m^modVr O_m hmoVrc. Am{U 10-8cms EdT>çm 
{ÌÁ`oMm åhUOoM H|$ÐH$ qH$dm BcoŠQ´>m°Ýg `m§À`m EH$ cmInQ> 
_moR>çm {ÌÁ`oMm AUyM {ZînÞ hmoUma Zmhr! Voìhm BcoŠQ´>m°Ýg 
J{V_mZM hdoV!

BcoŠQ´>m°Ýg AUyÀ`m H|$ÐH$mnmgyZ H$m`_ doJio amhmdoV Am{U 
H|$ÐH$mMm YZ^ma nyU© AmÀN>mXcm Omdm `mgmR>r BcoŠQ´>m°Ýg 
H|$ÐH$m^modVr dVw©imH$ma qH$dm c§~mH$ma H$jo_Ü`o A{Ve` doJmZo 
{\$aV AgUo Amdí`H$ Amho.
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éXa\$moS>©Zo gwMdcocr AUyMr J«hJmocr` à{VH¥$Vr…

AUyMm YZ^ma Am{U dñVw_mZ H|$ÐH$m_Ü`o EH$dQ>coco 
AgVo. H|$ÐH$mMr {ÌÁ`m gw_mao 10-13 g|._r. EdT>r 
AgVo.

H|$ÐH$m^modVr 10-13 g|._r. EdT>çm {ÌÁ`oMo F$U^m[aV 
BcoŠQ´>m°Ýg gy`m©^modVr {\$aUmè`m J«hm§à_mUo dOw©imH$ma 
qH$dm c§~mH$ma H$jm§_Ü`o {\$aV AgVmV.

gdm©V ~mhoaÀ`m H$joMr {ÌÁ`m gw_mao 10-8 g|._r. EdT>r 
AgVo. `mdê$Z EHy$U AUyMr {ÌÁ`m R>aVo.

[
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	 7	 Y_©g§H$Q>

~aoM à`moJ d {ZarjUo `mdê$Z AUyMr J«hJmocr` à{VH¥$Vr 
{ZînÞ Va Pmcr nU nma§n[aH$ ^m¡{VH$emómZo `m à{VH¥$VrÀ`m 
~m~VrV EH$ \$maM _moR>r Amn{Îm C^r Ho$cr Amho.

^m¡{VH$emómMm {Z`_ Ago gm§JVmo H$s, EImXm à^ma 
ËdaU`wŠV JVr YmaU H$arV Agoc Va Ë`mÀ`mnmgyZ 
àmaUm§À`m ñdê$nmV D$Om© CËg{O©V Pmcr nm{hOo. 
`m CËg{O©V D$O}_wio Ë`mMr J{VO D$Om© H$_r Pmcr 
nm{hOo.

`m {Z`_mMm gai AW© H$m` hmoB©c Vo nmhÊ`mgmR>r 
J«hJmocr` à{VH¥$VrZwgma AmnU gdm©V gmoß`m h¡S´>moOZ AUyMm 
{dMma H$ê$. BcoŠQ´>m°Z BVH$mM YZà^ma Agcocm Ho$di EH$M 
KQ>H$ H|$ÐmV Agcocm Agm hm AUy Amho.

AmH¥$VrVë`mà_mUo EH$ 
YZ^marV H|$ÐH$ d Ë`mÀ`m 
^modVr JmocmH$ma H$joV {\$aUmam 
F$U^marV BcoŠQ´>m°Z Agm hm 
h¡S´>moOZMm AUy.

darc {Z`_mà_mUo BcoŠQ´>m°Z D$Om© 
CËg{O©V H$arc Am{U g{n©cmH$ma 

(spiral) H$joZo H$m§hr doimVM H|$ÐH$mg{ÞY `oB©c. åhUOo 
10-8 g|._r. {ÌÁ`oMm h¡S´>moOZ AUy ~ZÊ`mEodOr 10-13 

a)

b)
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g|._r. {ÌÁ`oMr YZ d F$U ^mam§Mr EH$ 
OmoS>Jmoir (dipole) V`ma hmoB©c.

Ago hmoÊ`mV doi {H$Vr OmB©c? 
A{Ve`M WmoS>m,  
\$ŠV 10-9 cms goH§$X BVH$m!

`mMm AW© nma§n[aH$ ^m¡{VH$emómà_mUo h¡S´>moOZ AUy 
ApñVËdmV AgUo eŠ` Zmhr.

na§Vw h¡S´>moOZ AUyVa {ZgJm©V {dnwc à_mUmV CncãY 
AmhoV. Am{U {ZgJm©Vcr VÏ`o (realities) hm Va {dkmZmMm 
nm`m Amho. Amco H$m Y_©g§H$Q>!

`m AS>MUrVyZ _mJ© H$mT>m`Mm Va nma§n[aH$ 
^m¡{VH$emómVë`m H$mhr {Z`_m§Zm Am{U {gÕm§VmZm _waS> Kmcmdr 
cmJoc Va H$mhr {Z`_ d {gÕm§V A_mÝ` H$ê$Z Ë`m§À`m OmJr 
ZdrZ {Z`_ d {gÕm§VmMr à{Vð>mnZm H$amdr cmJoc Ago {XgVo.

Ago H$aÊ`mcm ~w{Õcm nQ>Vrc Aer H$m§hr H$maUo AmhoV H$m?

-WmoS>çm\$ma à_mUmV AmhoV.

nma§n[aH$ ^m¡{VH$emómV dñVw_mZ (mass), cm§~r (length) 
Am{U H$mc (time) `m§Mm {dMma _hÎmoÀ`m _Ü`_ loUrÀ`m 
(macroscopic scale) g§X^m©VM Pmcocm Amho. gd© {Z`_ 
d {gÕm§Vm§Mr àm`mo{JH$ VnmgUr `mM loUrVrc _mnZm§À`m 
(measurements) AmYmao Pmcr Amho Am{U nma§n[aH$ 
^m¡{VH$emómVco {Z`_ d {gÕm§V `m VnmgUrÀ`m H$gmoQ>rg 
CVaco AmhoV.
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10-25 J«°_ `m loUrMo dñVw_mZ, 10-8 g|._r. qH$dm 10-20 

g|._r. `m loUrMr A§Vao qH$dm 10-20 goH§$X `m loUrMo H$mcI§S> 
`m§Mr _mnZo Va PmcocrM ZìhVr nU BVŠ`m gyú_VoMm \$magm 
{dMmahr Pmcocm ZìhVm.

_Ü`_ loUrÀ`m Xw{Z`oV (microworld) cmJy AgUmao {Z`_ 
d {gÕm§V, gyú_ loUrÀ`m `m AUy§À`m Xw{Z`oV (microworld) 
VgoÀ`m Vgo cmJy ìhmdoV Aer Anojm H$aUoM MwH$sMo Amho.

AUy§À`m Xw{Z`oV nma§n[aH$ ^m¡{VH$emómMo H$mhr {Z`_ d 
{gÕm§V cmJy AgVrc, H$mhr ZgVrc. H$moUVo {Z`_ d {gÕm§V 
cmJy AmhoV Am{U H$moUVo ZmhrV ho à`moJm§Zr, {ZarjUm§Zr Am{U 
doJdoJù`m {dMma àUmctMm dmna H$ê$ZM R>adVm `oB©c.

WmoS>Š`mV H$m`? 
Anma§n[aH$ nÕVtZr {dMma H$aÊ`mMrgwÕm  Amdí`H$Vm 
Amho.

àmaUm§À`m ~m~VrV Anma§n[aH$ {dMmam§Zm WmoS>r\$ma gwê$dmVhr 
Pmcr hmoVr. `m KS>m_moS>tMm nam_e© AmnU nwT>o KoUmaM 
AmhmoV. na§Vw nma§n[aH$ ^m¡{VH$emómnojm doJù`m {XeoZo OmÊ`mMo 
A{Ve` Y¡`m©Mo H$m_ Zrëg ~moha (B.g. 1885-1962) `m 
S>°{Ze emókmZo Ho$co. Am{U ho H$arV AgVmZm nw§O J{Vemó 
(Quantum Mechanics) `m ^m¡{VH$ emómÀ`m AË`mYw{ZH$ 
emIoMm nm`m KmVcm.

[
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	 8	 nXmWmªMo	 AUy		
	 	 Am{U	 D$O}Mo	AUy

nXmW© Am{U {dÚwV `m§À`m EH$Ì Aä`mgmVyZ J«hJmocr` 
à{VH¥$Vr {ZînÞ Pmcr; nU AOyZ AUyMo {Z{üV ñdê$n g_
Ococo Zmhr. Ë`mgmR>r nXmW© Am{U D$Om© `m§Mm OmoS>Aä`mg 
H$am`cm hdm Ago {XgVo.

nXmWmªMm åhUOoM AUy§Mm D$O}er H$em àH$maMm g§~§Y 
Amho?

dZñnVtÀ`m nmZm_Yrc h[aVÐì`o (chlorohyll) àH$memÀ`m 
ñdê$nmVrc D$Om© J«hU H$ê$Z H$~m}XHo$ ~ZdVmV.

H2 Am{U Cl2 `m§Mo `mo½` à_mUmVco {_lU EImÚm M§~y_Ü`o 
A§YmamV R>odco Va H$mhrM KS>V Zmhr. nU M§~yda {Zù`m a§JmMm 
àH$me nmS>ë`mg àH$memMo emofU hmoD$Z

H2 + Cl2  2 HCl

Aer amgm`{ZH$ A{^{H«$`m KS>Vo. åhUOoM

AUy àmaUo emofyZ KoD$Z amgm`{ZH$ ~Xc KS>dy eH$VmV

AmJnoQ>rVrc H$mS>r ~mhoaÀ`m doï>ZmdaÀ`m IS>~S>rV 
n¥ð>^mJmer Kf©U Ho$ë`mda noQ>Vo. H$mS>rÀ`m Jwcm_Ü`o amgm`{ZH$ 
A{^{H«$`m KS>VmV Am{U CîUVm d àH$me {_iVmo. åhUOo

`mo½` n[apñWVrV AUy àmaUo CËg{O©V H$aVmV.

_°Šg ßbm§H$
(1858-1947)
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Ago {XgVo H$s AUy d àmaUo `m§Mm EH$_oH$m§er Mm§JcmM 
g§~§Y Amho. Voìhm Ë`m§À`m OmoS>Aä`mgmVyZ AUyMo ñdê$n {deX 
ìhm`cm _XV hmoB©c Ago dmQ>Vo. nU OmoS> Aä`mgmAmYr 
Amnë`mcm àmaUm§À`m ñdê$nmMm Aä`mg H$am`cm hdm.

àmaUm§Mo Va§Jñdê$nŸ: "àmaU (radiation) åhUOo _mÜ`_mÀ`m 
_XVrZo qH$dm _mÜ`_m{dZm D$O}Mm EH$m {R>H$mUmhÿZ Xwgè`m 
{R>H$mUmn`ªV hmoUmam àdmg.' 

 nmUr `m _mÜ`_mÀ`m n¥ð>^mJmda Va§J H$go {Z_m©U hmoVmV 
Vo àW_ nmhÿ `m. g§W nmÊ`mda XJS> Q>mH$bm Va AmH¥$VrV 

XJS>mÀ`m J{VO D$O}_wio Xmocm`_mZ Pmcocm 
(disturbed) nmÊ`mMm n¥ð>^mJ d {Z_m©U Pmbobo Va§J

XmIdë`mà_mUo 
n¥ð>^mJmOdiMm 
àË`oH$ aoUy 
n¥ð>^mJmÀ`m AmVrc 
aoUy§À`m AmH$f©H$ 
~cm_wio n¥ð>^mJ 
gmoSy>Z OmV Zmhr.

J{V_mZ 
XJS>m_wio A 
`oWrc aoUy ~ n`ªV 
{dñWm{nV hmoVmV. 
nañnaAmH$f©Um_wio 
eoOmaÀ`m aoUy§Mo 
{dñWmnZ hmoVo. 
Ë`mZ§Va Ë`m§À`m 
eoOmaÀ`m dJ¡ao 
dJ¡ao...
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nmÊ`mÀ`m 
pñWVrñWmnH$Ëdm_wio 
{dñWm{nV aoUy _yi 
pñWVrÀ`m {XeoZo 
PonmdVmV nU 
Ë`m§Zm {_imcoë`m 
J{VO D$O}_wio `m 
Ponm _yi pñWVrÀ`m 

ncrH$S>o OmVmV Am{U aoUy§Mr nwT>o_mJo hmcMmc ~amM doi 
Mmcy amhVo. aoUy XmocZ H$aVmV. XmoZ {eIam§_Yrc A§Va åhUOo 
Va§Jcm§~r (wavelength l) _yi pñWVrnmgyZ OmñVrV OmñV 
{dñWmnZmMr _mÌm åhUOo Am`m_ (amplitnde A) EH$m goH§$XmV 
{Z_m©U hmoUmè`m Va§Jm§Mr g§»`m åhUOo H§$àVm (frequency u) 

EH$m goH§$XmV Va§J ul EdT>o A§Va H$mnVrc. hm Pmcm Va§Jm§Mm 
doJ (velocity) AWm©VM

C = ul Agm g§~§Y Agoc.

AmH¥$VrV XmIdë`mà_mUo D$Om©g§H«$_UmMr {Xem XmocZmÀ`m 
{Xeocm H$mQ>H$moZmV AgVo. Va§JmV g_m{dï> D$Om© Va§Jm§À`m 
Am`m_mÀ`m dJm©À`m g_à_mUmV AgVo. Aem Va§Jm§Zm AdVa§J 
(transverse waves) Ago åhUVmV. nmÊ`mÀ`m n¥ð>^mJmdaMo 
Va§J Ago AgVmV. aoUy EH$m {R>H$mUr daImcr hmoVmV. D$Om© 
nwT>o nwT>o g§H«${_V hmoVo.

"AdVa§J' Ogo _mÜ`_mÀ`m gmhmæ`mZo D$Om© g§H«${_V H$aVmV 
VgoM "AdVa§J' _mÜ`_m{edm`gwÕm D$Om© BH$S>cr {VH$S>o 
ZoD$ eH$VmV. gy`© Am{U n¥Ïdr `m§À`m_Ü`o _mÜ`_ Zmhr. 
nmoH$ir (vacuum) Amho. Varhr gy`m©nmgyZ àmaUm§À`m ñdê$nmV 
Amnë`mcm D$Om© {_iVo.
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Ooåg ŠcmH©$ _°Šñdoc (B.g.1831-1879) `mZo `m àmaUm§Mo 
{dÚwV-Mw§~H$s` ñdê$n ñnï> Ho$co.

AmH¥$VrV XmIdë`mà_mUo {dÚwVr` XmocZo Am{U Mw§~H$s` 
XmocZo EH$_oH$m§er 900 A§em§Mm H$moZ H$aVmV. D$Om©àdmg hm `m 
XmoÝhr {Xem§er 900 A§emMm H$moZ H$aVmo.

J°_m {H$aU, j {H$aU, A{VZrc {H$aU, àH$me, AdaŠV 
{H$aU, _m`H«$mo char Am{U ao{S>Amo char Agm hm dmT>Ë`m Va§J 
cm§~rZwgma {dÚwV² Mw§~H$s` àmaUm§Mm dU©nQ> Amho.

Z°Zmo_rQ>a = 10-9 _rQ>a Ago cm§~rMo EH$H$ dmnaë`mg 
àH$mer` Va§Jm§Mr Va§Jcm§~r 400 Z°Zmo_rQ>a Vo 700 Z°Zmo_rQ>a 
EdT>r AgVo. àH$mechatMr H§$àVm 7.14 x 10 14 Vo 4.3x 10 14 

XmocZo/à{VgoH§$X Aer AgVo.

Vmn_mZOÝ` àmaUoŸ: Amg_§Vmnojm OmñV Vmn_mZ Agcocr 
H$moUVrhr dñVy Amncr Vmn_mZm_wio g_m{dï> Agcocr OmXm 
D$Om© {dÚwVMw§~H$s` àH$mer` àmaUm§À`m ñdê$nmV CËg{O©V 
H$arV AgVo. 
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Va§Jcm§~r d 
`m Va§Jcm§~rMr 
CËg{O©V D$Om© 
`m§Mo AmcoI gmo~V 
H$mT>co AmhoV.

(a) hm AmcoI 
T1 `m Vmn_mZmcm 
Agcoë`m dñVyMm 
Amho.

 

(b) hm AmcoI T2 `m Vmn_mZmcm Agcoë`m dñVyMm Amho. 
(c) hm AmcoI T3 `m Vmn_mZmcm Agcoë`m dñVyMm Amho. 
(d) hm AmcoI T4  `m Vmn_mZmcm Agcoë`m dñVyMm Amho.

T `m Vmn_mZmcm Agcoë`m nXmWm©Mm AmcoI EHw$cVm EH$ 
Agm - AZÝ`gmYmaU (unique) AgVmo. Ogm _mUgm§À`m 
hmVmMm R>gm (finger print) hm ì`ŠVr AmoiIÊ`mgmR>r Cn`wŠV 
AgVmo Vgm hm AmcoI nXmWm©Mo Vmn_mZ (T) R>adÊ`mgmR>r 
Cn`wŠV AgVmo.

_°Šg ßcm§H$ (B.g.1858-1947) Mm {gÕm§VŸ�

nma§n[aH$ ^m¡{VH$emómZwgma àmaUm§_Ü`o åhUOo chat_Ü`o 
g_m{dï> Agcocr D$Om© chatÀ`m Am`m_mÀ`m (amplitnde) 
dJm©À`m g_à_mUmV AgVo. Ë`m_wio Vr {H$Vrhr _moR>r qH$dm 
{H$Vrhr gyú_ Agy eH$Vo.

`m VËdmZwgma Vá nXmWmª_YyZ ~mhoa nS>Umè`m àmaUm§Mo 
AmcoI g¡Õm§{VH$ nÕVrZo J{UV H$ê$Z aoImQ>co Va Vo àm`mo{JH$ 
AmcoIm§er _wirM OwiV ZmhrV.
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~è`mM emókm§Zr ~arM df} Ho$coë`m Aem à`ËZm§Zm `e 
`oV ZìhVo. B.g. 1900 _Ü`o ßcm§H$Zo Ago gwMdco H$s

 "chat_Ü`o g_m{dï> D$Om© hr Am`m_mÀ`m dJm©À`m 
g_à_mUmV ZgVo Va H§$àVoÀ`m g_à_mUmV AgVo

 E = hu

 D$Om© = ßcm§H$Mm pñWam§H$ x H§$àVm 

H§$àVm ν Agoc Va chat_Ycr g_m{dï> D$Om© hv `m 
amerÀ`m nQ>t_Ü`o Agoc. åhUOo Vr hv, 2hv, 3hv, ...nhv Aer 
Agoc. na§Vw  1/2 hu qH$dm 1/4 hu Aer A§emË_H$ Zgoc. 

BWo àmaUm§À`m ~m~VrV nma§n[aH$ ^m¡{VH$emómnojm nyU©nUo 
doJir ^y{_H$m KoVcr Am{U àmaUmVrc D$O}À`m nw§OrH$aUmMo 
(quantization) gyÌ emoYyZ H$mT>co.

dmñVdmV A{Ve` _hÎdmÀ`m `m g§H$ënZo~m~V ßcm§H$Mo 
ñdV…Mo _V Ago hmoVo H$s, "Vmn_mZOÝ` àmaUmÀ`m AmcoImMm 
àý gmoS>dÊ`mgmR>r _r  

E = hν  hr EH$ J{UVr Šc¥ár (device) dmnacr Amho.' `m 
Šc¥ár_wio Vmn_mZOÝ` àmaUmÀ`m AmcoImMm àý nyU©nUo gwQ>cm.

àmaUm§Mo n§wOñdê$nŸ� B.g. 1905 _Ü`o Amë~Q>© AmBÝñQ>rZ 
(B.g. 1879-1955) `mZo YmVy Am{U {dÚwV² Mw§~H$s` àmaUo 
`m§À`mVrc àH$me-{dÚwV² n[aUm_ (Photoelectric effect) `mMo 
ñnï>rH$aU {Xco.

YmVy_Yrc BcoŠQ´>m°Z àmaUmÀ`m "nw§OmVrc' (quantum) hν 

EdT>r nyU© D$Om© J«hU H$aVmV d YmVyÀ`m ñWm`y~mhoa nS>VmV. 
H§$àVm H$_r Agë`mZo àH$menw§OmV nwaoer D$Om© Zgoc Va hm 
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n[aUm_ KS>VM Zmhr. åhUOo AUy d àmaUo `m§À`mV COm©{d{Z_` 
KS>Vmo Ë`mdoir àmaUo nw§Oñdê$n Agë`mgmaIrM dmJVmV. 
Voìhm,

àmaUm§Mo nw§Oñdê$n ho EH$ Z¡g{J©H$ VÏ` (reality) Amho.

AmOda AmnU AgoM _mZco H$s àmaUo hr Va§Jñdê$n 
AgVmV. AmVm Ago åhQ>co OmVo Amho H$s àmaUo nw§Oñdê$n 
AgVmV. _J ZŠH$s H$m` Amho? àmaUm§Mo ñdê$n Û¡Vr (dual) 
Amho. H$mhr doim àmaUo Va§Jm§gmaIr dmJVmV Va H$mhr doim 
nw§Oñdê$nr Agë`mgmaIr dmJVmV.

EH$mM doir EImXr dñVy Va§Jñdê$n d nw§Oñdê$n 
(H$Uñdê$n) H$er Agy eH$Vo? hm {damoYm^mg Zmhr H$m? 
åhQ>c§ Va Amho nU dñVwpñWVr Û¡Vr ñdê$nmMrM Amho.

{ZgJ© H$gm Amho ho {ZgJ© R>adVmo. AmnU Z¡g{J©H$ 
dñVwpñWVr g_OmdyZ KoÊ`mMm à`ËZ H$arV AgVmo. 
àmaUm§Mo Û¡Vr ñdê$n ho dñVwpñWVrMo eŠ` VodT>o AMyH$ 
dU©Z Amho.

[
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	 9	 àmaUo	Am{U	 dU©nQ>	
	 	 (dU©n§º$s)

Vmn_mZOÝ` àmaUm§Mm dU©nQ>Ÿ…  gmo~VÀ`m AmH¥$VrVë`m 
Vmn_mZOÝ` àmaUmMm 
AmcoI AmnU nm{hcmM 
Amho.

dU©n§º$s_mnr 
(Spectrometer) `m `§ÌmZ| 
`mMm Aä`mg Ho$cm Va 
Ago åhUmdo cmJVo H$s, 
Va§Jcm§~r AI§{S>VnUo 
(Continuously) ~XcV 

Agcocm hm dU©nQ> Amho.

gy`©àH$me cmocH$mVyZ (Prism) AnñH¥$V (Disperse) 

Pmë`mda "VmZm{n{h{ZnmOm' `m a§Jm§Mm AI§{S>V dU©nQ> {_iVmo. 
hm 6000 A§e go. Vmn_mZ Agcoë`m gy`m©À`m n¥ð>^mJmMm 
Vmn_mZOÝ` dU©nQ>!

`m {d{eï> Vmn_mZmcm Agcoë`m gd© nXmWmªMo Vmn_mZOÝ` 
dU©nQ> EH$gmaIoM AgVrc. AWm©VM T1, T2, T3 ...Aem 
{Za{Zamù`m Vmn_mZmcm Agcoë`m nXmWmªMo dU©nQ> {^Þ {^Þ 
AgVrc.

OmohmZ ~m_a 
(1825-1898)
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Vmn_mZmda Adc§~yZ Zgcoco "nXmW©{d{eï'> dU©nQ> AgVmV 
H$m§Ÿ?  
- hmo`! AgVmV.

{dÚwÝ_moM Zù`mŸ…

ßc_aZ| dmnacoë`m {dÚwÝ_moM ZirMr WmoS>rer _m{hVr AmnU 
KoVcr Amho. 
añË`mdaMo 
gmo{S>`_ 
{Xdo qH$dm 
Om{hamVtgmR>r 
dmnacoë`m 
"{ZAm°Z' 
Zù`m hr 
{dÚwÝ_moM 
Zù`m§Mr 

ì`dhmamVcr CXmhaUo AmhoV.

ßc_aÀ`m {dÚwÝ_moM ZirV h¡S´>moOZ dm`y EH$ e§^am§e 
dmVmdaUr` Xm~mcm ^acm Am{U {dÚwV² Q>moH$m§_Ü`o 10,000V 
EdT>o {d^dm§Va dmnaco åhUOo h¡S´>moOZÀ`m XrárZ| {dÚwÝ_moM Zir 
Xr{á_mZ hmoVo. hr Xrár dU©n§º$s_mnrZo Vnmgë`mg darc à_mUo 
AmcoI {_iVmo. `m XrárV H$m§hr {d{eï> Va§Jcm§~rMrM àmaUo 
AmT>iVmV,  l1, l2, l3... `mà_mUo. hm I§{S>V AmcoI Amho.

dU©n§º$s_mnr_Ü`o l1 `m Va§Jcm§~rMo àmaU EH$m aofoÀ`m 
ñdê$nmV {XgVo. Aem dU©nQ>mcm aofm dU©nQ (Line Spectrum) 
Ago åhUVmV. àË`oH$ dm`yÀ`m ñdê$nmda Ë`mÀ`m aofm dU©nQ>m 
_Ü`o H$moUË`m aofm Agmì`mV ho R>aVo.
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h¡S´>moOZÀ`m aofmdU©nQ>mMm Aä`mg ~m_a `m emókmZo 
Ho$cm. Ë`mcm Ago AmT>ibo H$s `m dU©nQ>mVrc aofm§Mo MmanmM 
doJdoJio JQ> nmS>Vm `oVmV.

`m gdmªda H$S>r H$aUmar EH$ Jmoï> ~m_acm AmT>icr, Vr 
åhUOo ho gd© aofmg§M Ho$di EH$m J{UVr gyÌmZo Xe©dVm `oVmV. 
Vo ~m_aMo gyÌ nmhÿ `m.

dU©nQ>mVrc aofoMr Va§Jcm§~r  hr Oer EH$ AmoiI Amho, 
VerM H§$àVm 

     hr Xwgar AmoiI Amho.

~m_aMo gyÌ Ago AmhoŸ…

  H§$àVm  

  R* gwYm[aV [aS>~J© pñWam§H$  
n1 < n2

(a) n1 = 1 d n2 =2, 3, 4,... `mZo bm`_Z aofmg§M {_iVmo.

(b) n1 = 2 d n2 =3, 4, 5,... `mZo ~m_a aofmg§M {_iVmo.

(c) n1 = 3 d n2 =4, 5, 6,.. `mZo nmeZ aofmg§M {_iVmo.

(d) n1 = 4 d n2 =5, 6, 7,... `mZo ~«°Ho$Q> aofmg§M {_iVmo.

àmaUo Am{U AUy `m§À`mVrb D$Om© {d{Z_`m_wio ho dU©nQ> 
{Z_m©U hmoVmV.

 ~m_aÀ`m gyÌmMm h¡S´>moOZÀ`m AUyer g§~§Y  
 H$gm OmoS>m`Mm hm EH$ `jàý hmoVm.

[
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	10	 `wJàdV©H$	 ~moha

AmVm Amnbr `wJàdV©H$ ~mohaMr AUwàUmbr ZrQ> g_OmdyZ 
KoÊ`mgmR>rMr nyd©V`mar Pmbr Amho. nma§n[aH$ ^m¡{VH$emómV 
Zgboë`m Imbrb g§H$ënZm ~mohaZo ñdrH$maë`mŸ…

AUy BVŠ`m gyú_ g§KmVm§Zm (Systems) nma§nm[aH$ 
^m¡{VH$emómVrb gd© {Z`_ bmJy nS>Vrb Aer ImÌr XoVm 
`oV Zmhr.

àmaUo nw§Oñdê$n AgVmV. u `m H§$àVoÀ`m àmaUmV g_m{dï> 
D$Om© hu qH$dm Ë`mÀ`m nQ>rV AgVo. 
E = hu    ....h = ßbm°§H$Mm pñWam§H$.

AUy Am{U àmaUo `mVrb D$Om©{d{Z_`mV àmaUo nw§Oñdê$n 
Agë`mgmaIr dmJVmV.

gmononUmgmR>r ~mohaZ| \$º$ gdm©V gmoß`m h¡S´>moOZÀ`m AUyMm 
{dMma Ho$bm Am{U Ago gwM{dbo H$s 

h¡S´>moOZÀ`m AUy_Ü`o YZ^m[aV H|$ÐH$m^modVr {\$aUmam 
BboŠQ´>m°Z Oa g§_V (Allowed) H$joV Agob Va  
Ë`mbm D$Om© CËg{O©V H$amdr bmJUma Zmhr.

`mV nma§nm[aH$ ^m¡{VH$emómnojm doJionUm H$moUVm Amho 
Am{U Vmo H$em_wio CËnÞ Pmbm Amho Vo AmnU g_OmdyZ KoD$ 
`m…

a)

b)

c)

Zrëg ~moha
(1885-1962)
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H$jm§Mm AmH$ma AI§{S>VnUo (Continuously) ~Xby eH$V 
Zmhr Va I§{S>VnUo, Q>ßß`m§ZrM (Discretely) ~Xby eH$Vmo.

g§_V H$jm§_Ü`o D$Om©CËgO©ZmMm nma§nm[aH$ {Z`_ bmJy 
ZgVmo.

BboŠQ´>m°Z `m "g§_V' H$jm§n¡H$s Hw$R>ë`mVar EH$sVM Agy 
eHo$b. AÝ` H$moR>ohr Zmhr. Ag§_V H$jm§Mm {dMma{h AeŠ` 
Amho ho AmnU _mÝ` H$am`bm hdo.

AmVm g§_V H$jm H$em R>adm`À`mŸ?

Ë`mgmR>r ~mohaZo ßbm§H$À`m pñWam§H$mMmM dmna H$aÊ`mMo 
R>adbo. ßbm§H$Mm pñWam§H$ ' h'  hm _mÌoZo (qH$_VrZ|)  
6.625 X 10-34  joule-sec. BVH$m Amho. åhUOoM ' h' _moOÊ`mMo 
EH$H$ joule-sec. ho Amho.

h¡S´>moOZ AUyÀ`m YZ^m[aV H|$ÐH$m^modVr JmobmH$ma H$joV 
{\$aUmè`m BboŠQ´>m°Zer g§~§{YV Am{U joule-sec. `m EH$H$mV 
_moOVm `oB©b Aer EH$M amer {XgV hmoVr. Vr hmoVr BboŠQ´>m°ZMm 
MH«$s` g§doJ. (angular momentum)!

m = BboŠQ´>m°ZMo dñVw_mZ
v = BboŠQ´>m°ZMm doJ
r = BboŠQ´>m°ZÀ`m H$joMr {ÌÁ`m
h = ßbm§H$Mm pñWam§H$
1, 2, 3, ... n = H$jmH«$_m§H$
~mohaZ| ßbm§H$À`m nÕVrZo BboŠQ´>m°ZMm MH«$s` g§doJ Agm 

nw§OrH¥$V (Quantize) Ho$bm.

 BboŠQ´>m°ZMm MH«$s` g§doJ   

1.

2.
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nma§nm[aH$ ^m¡{VH$emómnmgyZÀ`m doJionUmMm hm {Vgam _wÔm 
Amho.

3  nXmW©H$Umer g§b¾ (related to a material particle)   
 Aer MH«$s` g§doJ hr amergwÕm {ZgJm©V nw§Or^yV   
 (Quantized) ñdê$nmV

      Aem nw§Oñdê$nmVM AmT>iVo.

BboŠQ´>m°Z YZ^m[aV H|$ÐH$mÀ`m AmH$f©H$ ~bjoÌmV AgVmo. 
gdm©V H$_r D$O}Mr H$jm åhUOo gdm©V H$_r MH«$s` g§doJmMr 
H$jm!   
 
n{hbr H$jm  n = 1. {hMr D$Om© E1Aer Xe©dy.  
Xwgar H$jm  n = 2 Am{U D$Om© E2 dJ¡ao dJ¡ao.

E1, E2, E3 ..... E7, .... En   hr dmT>Ë`m D$O}Mr loUr Agob 
Am{U "g§_V' H$jm n{hbr, Xwgar, {Vgar ...n H«$_m§H$mMr Aem 
Xe©[dVm `oVrb.

nw§Or^yV (Quantized) MH«$s` g§doJmÀ`m AmYmao n  

H«$_m§H$mÀ`m g§_V H$jo_Yrb BboŠQ´>m°ZÀ`m D$O}Mo J{UV Ho$ë`mda 
Ago AmT>ibo H$s, 
 

n H«$_m§H$mÀ`m g§_V H$joVrb BboŠQ´>m°ZMr D$Om© 

R*  gwYm[aV [aS>~J© pñWam§H$

h = ßbm§H$Mm pñWam§H$

n = 1, 2, 3, ... n

2
, , ...

2 2 2

h h nh

π π π
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~mohaZo g§_V H$jm§À`m g§H$ënZoMm {dMma _m§Sy>Z nma§nm[aH$ 
^m¡{VH$emómÀ`m _`m©Xm ñnï> Ho$ë`m Am{U AUyer g§b¾ ametMo 
n§wOrH¥$V ñdê$n (Quantum nature) {deX H$ê$Z EH$m Zì`m 
emómMm nm`m KmVbm.

g§_V H$joMr D$Om©    Am{U g§_V H$jm§_Yrb  
g§^mì` pñWË`§Vao `m§Mm {dMma EH${ÌVnUo Ho$bm H$s, ~m_a gyÌ 
{ZînÞ hmoVo.

h¡S´>moOZ AUy_Yrb BboŠQ´>m°Z hm gd©gmYmaUnUo H$_rV 
H$_r D$O}À`m E1 

 `m n{hë`m H$joV Agob. àmaUo qH$dm AÝ` 
ñdê$nmV `m BboŠQ´>m°Zbm D$Om© {_imë`mg Vmo E2, E3 , E4 Aem 
CƒD$Om©pñWVrV OmB©b.

Hw$R>cmhr g§KmV (System)-BWo h¡S´>moOZ AUy-CƒD$Om© 
pñWVrV ApñWa AgVmo. Ë`m_wio E2, E3 , E4 Aem 
CƒD$Om©pñWVr_YyZ BboŠQ´>m°Z EH$mM CS>rV qH$dm Q>ßß`mQ>ßß`mZ| 
E1 `m pñWa pñWVrV `oB©b.

g_Om En2 `m CƒD$Om©pñWVrVyZ En1Aem H$_r D$O}À`m 
pñWVrV BboŠQ´>m°ZMo pñWË`§Va Pmbo Va H$m` hmoB©b? OmXmMr 
En2 - En1 EdT>r D$Om© AUy~mhoa nS>m`bm hdr.

BWo naV ~mohaÀ`m à{V^oMm àË`` `oVmo. Ë`mZo Ago gwMdbo 
H$s, hm D$Om©\$aH$ àmaUmÀ`m ñdê$nmV AUy~mhoa nS>Vmo. 
àmaUmMr H§$àVm u hr Aer R>aob.

D$Om©\$aH$  
 

åhUyZ       ho ~m_aMo gyÌ {ZînÞ hmoVo.



AUyMo A§Va§J - �3

Mm¡H$Q>rVrb gyÌmbm ~mohaMm H§$àVm {ZH$f (Bohr's 
Frequency Rule) Ago åhUVmV.

EH$mXr OmXyMr H$m§S>r {\$amdr Vgo daH$aUr H$m§hrhr g§~§Y 
{XgV Zgbobo ~m_aMo gyÌ Am{U g§_V BboŠQ´>m°Z H$jm 
`m§À`mVrb "g§~§Y' BVŠ`m gmononUmZo Am{U ghOnUo {ZînÞ 
Pmbm ho ~mohaÀ`m à{VH¥$VrMo gm_Ï`© Amho.

~mohaZo Ë`mÀ`m AUwàUmbrÛmao gyú_ AUy Am{U Ë`mhÿZ 
gyú_Va AUwKQ>H$ `m§Mo ZdrZ J{Vemó "nw§OJ{Vemó'  

(Quantum Mechanics) `m emómMm nm`m KmVbm.

`mnwT>rb {H$Ë`oH$ df} AZoH$ emókm§Zr `m ZdrZ emómV 
g§emoYZ Ho$bo. `m emómMo ~aoMgo n[anyU© ^md§S> Quantum 
Electrodynamics ho AmVm gwà{V{ð>V Pmbobo Amho. pŠbï> 
J{UVr nÕVtda AmYm[aV Aem `m emómMm gImob Aä`mg 
Amnë`mbm BWo H$aUo eŠ` Zmhr. nU `mVrb _yb^yV g§H$ënZm 
OodT>r eŠ` Amho VodT>r AmnU g_OyZ KoD$.

`m ZdrZ J{VemómZ| "_mZg{MÌo ~Zdy ZH$m H$maU Vr 
nyU©nUo ~amo~a ZgVmV' Aer YmoŠ`mMr gyMZm {Xbobr Amho. 
Voìhm AmnU Or _mZg{MÌo ~Zdy Vr Ho$di Amnë`mbm 
AUwg§aMZm ZrQ> g_Omdr `m CÔoemZ| AmnU ~ZdUma AmhmoV. 
dñVwpñWVrÀ`m `m à{VH¥$Vr (Models) AmhoV. dñVwpñWVr Zìho 
EdT>r IyUJmR> ~m§YyZ AmnU hm CÚmoJ H$aUma AmhmoV.

eodQ>Mm eoam Quantum Electrodynamics `m àUmbrZ| 
^m¡{VH$emó, agm`Zemó Am{U Ordemó `mVrb OdiOdi 
gd© KQ>Zm§Mo (Phenomena) `eñdr ñnï>rH$aU {Xbobo Amho.

~moha àUmbr hr AÝ` Hw$R>ë`mhr àUmbrnojm A{YH$ 
gO©Zerb d àoaUmXm`r R>abr Amho.
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~mohaZo Ë`mMr h¡S´>mooOZ AUyg§~§YrMr àUmbr gZ 1913 _Ü`o 
gwMdbr. Ë`mÀ`m AmYr d Z§Va Ë`mg§~§YrMo à`moJ d {ZarjUo 
MmbyM hmoVr.

h¡S´>moOZ AUyÀ`m YZ^m[aV H|$ÐH$mMo JwUY_© OmUyZ 
KoÊ`mgmR>r éXa\$moS>© d BVam§Zr ~aoM à`moJ Ho$bo.

h¡S´>moOZZ| ^aboë`m {dÚwÝ_moM ZirÀ`m F$UQ>moH$m_Ü`o EH$ 
{N>Ð H$ê$Z Ë`m {N>ÐmVyZ `oUmè`m H$Um§Mm åhUOoM H°$Zm°b 
{H$aUm§À`m H$Um§Mm Aä`mg Ho$ë`mda Ë`m§Mo JwUY_© Ago 
AmT>ibo �

 à^ma 1.6 x 10-19 Hw$bmo_  
 (åhUOo ~amo~a BboŠQ´>m°Z EdT>mM nU YZ^ma) 
 dñVw_mZ 1.6 x 10-24 J«°. 
 {ÌÁ`m  10-13 g|._r.

ho H°$Zm°b H$U åhUOo h¡S´>moOZMr H|$ÐHo$! 1914 gmbr  
éXa\$moS>©Zo Ë`m§Zm "àmoQ>m°Z' ho Zmd {Xbo.

1919 gmbr éXa\$moS>©Zo gd© AUy§À`m H|$ÐH$m_Yrb YZ^ma 
YmaU H$aUmao KQ>H$ "àmoQ>m°Ýg' AgmdoV Ago gwMdbo. àmoQ>m°ZMo 
dñVw_mZ h¡S´>moOZÀ`m AUyÀ`m dñVw_mZmBVHo$M AgVo.

àm{V{Z{YH$ AUyMr à{VH¥$Vr hr H|$ÐH$m_Ü`o Amdí`H$ VodT>o 
àmoQ>m°Ýg d H|$ÐH$m~mhoa VodT>oM doJdoJù`m H$jm§_Ü`o ^«_U 
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H$aUmao BboŠQ´>m°Ýg Aer Pmbr. nU Aem AUyMo dñVw_mZ 
dmñVdmVë`m AUyÀ`m dñVw_mZmÀ`m VwbZoZo Anwao hmoVo.

BWo éXa\$moS>©À`m à{V^oMm àË`` `oVmo. 1920 gmbr Ë`mZo 
gwMdbo H$s, OdiOdi àmoQ>m°Z EdT>çmM dñVw_mZmMo nU 
à^maa{hV Ago H$U H|$ÐH$mMo KQ>H$ Agbo nm{hOoV. Ë`m§Zm 
Ë`mZo "Ý`yQ´>m°Z' ho Zmd {Xbo.

1932 gmbr M°S>{dH$ `m emókmZo `m Ý`yQ´>m°ÝgMm emoY 
bmdbm. `m Ý`yQ´>m°ÝgMo JwUY_© Ago…

 n«^ma - eyÝ`

 dñVw_mZ 1.6 x 10-24 J«°.

 (àmoQ>m°Znojm qH${MV OmñV dñVy_mZ)

 {ÌÁ`m 10-13 g|._r.

AmVm àm{V{Z{YH$ AUyMr à{VH¥$Vr V`ma Pmbr, Vr AerŸ�

H|$ÐH$m_Ü`o Z EdT>o àmoQ>m°Ýg. Z bm AUwA§H$ åhUVmV.

H|$ÐH$m_Ü`o N EdT>o Ý`yQ´>m°Ýg.

H|$ÐH$s` H$Um§Mr EHy$U g§»`m A = Z + N `mbm  
AUwdñVw_mZm§H$ åhUVmV.

H|$ÐH$m~mhoa Z EdT>o BboŠQ´>m°Ýg doJdoJù`m H$jm§_Ü`o ^«_U 
H$aVmV. H|$ÐH$mMm YZ^ma H|$Ð~mø BboŠQ´>m°Ýg AmÀN>mXyZ 
Q>mH$VmV. Ë`m_wio EHy$U AUy à^maa{hV ^mgVmo.

 nw§O^m¡{VH$sÀ`m AmYmamda ~mohaZo Ago XmIdbo H$s n 
H«$_m§H$mÀ`m H$jo_Ü`o OmñVrV OmñV 2n2 EdT>o BboŠQ´>m°Z 
gm_mdy eH$VmV. hr _m{hVr AmnU J¥hrV YaUma AmhmoV.

1.

2.

3.

4.

5.



��  - AUyMo A§Va§J

 BboŠQ´>m°ÝgMo dñVw_mZ ZJÊ` AgVo. h¡S´>moOZ AUyÀ`m  
dñVw_mZmbm AmnU AUydñVw_mZ EH$H$ (Atomic Mass 
Unit) amu Ago Zmd XoD$. 
 A = Z + N = AUyMo amu _Yrb dñVw_mZ. 
 A hm Zoh_r nyUmªH$ AgVmo. 
à^mamMo EH$H$ AmnU àmoQ´>m°Zdarb à^ma ho R>ady. 
àmoQ´>m°Zdarb à^ma +1 
BboŠQ´>m°Zdarb à^ma -1 
 Z = AUyÀ`m H|$ÐH$mdarb YZ^ma 
  = AUyÀ`m H|$ÐH$mVrb àmoQ´>m°ÝgMr g§»`m. 
  Z hm Zoh_r nyUmªH$ AgVmo. 
  Z åhUOo H|$ÐH$m~mhoarb BboŠQ´>m°ÝgMr g§»`m. 
  N hm Zoh_r nyUmªH$ AgVmo. 

X `m g§koÀ`m AUyMo boIZ  Ago H$aVmV. g§koÀ`m 
daMm AmH$S>m AUwdñV_mZm§H$, ImbMm AmH$S>m AUwA§H$. 

 Aem àH$mao boIZ Ho$bobm AUy `mMm g§~§Y 
H|$ÐH$s` A{^{H«$`m, {H$aUmoËgm[aVm d g_ñWmZH$m§Mr 
Zm|X EdT>çmnwaVmM `oB©b.

Amnë`m àm{V{Z{YH$ AUyMr hr à{VH¥$Vr {Z_m©U H$aÊ`mV 
~moha ~amo~aM éXa\$moS>©, gm°_a\$oëS> Am{U BVa emókm§Mm 
gh^mJ Amho ho AmnU bjmV R>odbo nm{hOo.

1915 gmbr gm°_a\o>ëS>Zo Ago gwM{dbo H$s, BboŠQ´>m°ÝgÀ`m 
JmobmH$ma H$jm§~amo~a b§~dVw©imH$ma H$jmgwÕm eŠ` AmhoV. 
Amnë`m Aä`mgH$jo~mhoaÀ`m Aä`mgmZwgma Ago XmIdbo Jobo 
H$s �

6.

7.
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n H«$_m§H$mÀ`m "g§_V' H$joÀ`m ‘n' EdT>çm CnH$jm Agë`m 
nm{hOoV. `m CnH$jm b§~mH$ma, XrK©b§~mH$ma, A{Vb§~mH$ma 
Aem hì`mV. ho ñnï> Xe©{dÊ`mgmR>r s, p, d, f, g Aem 
Ajam§Mm g§_V H$jm H«$_m§H$m~amo~a dmna ìhm`bm bmJbm, Vmo 
Agm � 
 ns - n  H«$_m§H$mMr JmobmH$ma (s) H$jm

 np -  ...... " ....... b§~mH$ma (p) H$jm

 nd -  ...... " ....... XrK©b§~mH$ma (d) H$jm

 nf -  ...... " ....... A{Vb§~mH$ma (f) H$jm

AmVmn`ªV Va AmnU ho J¥hrV Yê$Z Mmbbmo AmhmoV H$s n 
H«$_m§H$mÀ`m H$joVrb gd© BboŠQ´>m°ÝgMr En  

EdT>r g_mZ D$Om© 
Amho.

ho Iao Amho H$m§Ÿ? `mMo CÎma Zmhr Ago Amho.

H|$ÐH$m^modVr JmobmH$ma H$jo_Ü`o {\$aUmè`m BboŠQ´>m°ZMr 
D$Om© Ens Amho Ago Yê$. 
b§~mH$ma H$jo_Ü`o {\$aUmè`m 
BboŠQ´>m°Zbm AmH$f©H$ 
~bH|$ÐmnmgyZ Xya Omdo 
bmJVo. Ago hmoÊ`mgmR>r 
Ë`mMr D$Om© WmoS>rer H$m§ 
hmoB©Zm nU Á`mXm hdr. 
b§~mH$ma {OVH$m OmñV 

{VVH$s dmT>rd D$Om©nU OmñV.

åhUOo `m H$jo_Ü`o dmT>Ë`m D$Om©H«$_mZo

Ens, Enp, End, Enf , .........
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Aer CnH$jm§Mr D$Om© hdr. `m CnH$jm Xe©dÊ`mgmR>r 
AmnU A§H$ Am{U Ajao `m§À`m ns, np, nd, nf, ... Aem 
OmoS>Jmoù`m dmnê$. BboŠQ´>m°Z H$moUË`m H$joVrb H$moUË`m 
CnH$joV Amho ho XmIdÊ`mgmR>r `m OmoS>Jmoù`m dmnê$.

Amnë`m àm{V{Z{YH$ AUyÀ`m AmYmao Amnë`mbm H$am`Mm 
`mnwT>rb Aä`mg gwb^ ìhmdm åhUyZ AmnU `m 
H$jm-CnH$jm§Mr gmaUr (Vº$m) V`ma H$ê$ `m. ho H$aÊ`mAmYr 
EH$ Zm|X KoD$ `m. ~moha d gm°_a\o$ëS> `m§Zr MH«$s` 
g§doJm~amo~aM BboŠQ´>m°Zer g§b¾ Aem AÝ` VrZ ametMo 
n§wOrH$aU (Quantization) Ho$bo Am{U n H«$_m§H$mÀ`m H$jo_Ü`o 
OmñVrV OmñV 2n2 EdT>o BboŠQ´>m°Z gm_mdy eH$VmV Ago 
XmIdbo. ho AmnU J¥hrV YaUma AmhmoV.
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 _w»` CnH$jm§Mr CnH$joMo CnH$joVrb nyU©H$joVrb 
 H$jm  g§»`m Zm§d OmñVrV OmñV BboŠQ´>m°ÝgMr  
 H«$.   BboŠQ´>m°ÝgMr g§»`m g§»`m 

 1 1 1s 2 2

 2 2 2s 2 
   2p 6 8

 3 3 3s 2 
   3p 6 
   3d 10 18

 4 4 4s 2 
   4p 6 
   4d 10 
   4f 14 32

 5 5 5s 2 
   5p 6 
   5d 10 
   5f 14 
   5g 18 50

H$jm-CnH$jm§Mr gm[aUr

~mU ho H$joÀ`m A§VJ©V dmT>Vm D$Om©H«$_ XmIdVmV.

H$jo~mhoa hm H«$_ H$m` Agob? 5s `m CnH$joMr D$Om© 4f 
`m CnH$joÀ`m CO}nojm OmñV Agob H$m§? 
ImÌr Zmhr.

 _J gd© H$jm-CnH$jm§À`m EH${ÌV {dMma H$ê$Z D$Om©H«$_ 
R>adVm `oB©b H$m? g¡Õm§{VH$ nÕVrZo "Zmhr'. Agm COm©H«$_ 
hm Ho$di à`moJm{Y{ð>V Agmdm bmJob.

1.

2.

3.
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	12	 AUwg§aMZm

AmVmn`ªV AmnU "AUwàUmbr' Vrb ~è`mM g§H$ënZm g_
OmdyZ KoVë`m. Eadr {dkmZmVë`m g§H$ënZm ZrQ> éOdÊ`mgmR>r 
- nŠŠ`m H$ê$Z KoÊ`mgmR>r à`moJm§Mm AmYma KoVm `oVmo, nU 
"AUwàUmbr'Vrb \$maM WmoS>çm g§H$ënZm§gmR>r àm`mo{JH$ 
AmYma CnbãY AmhoV Am{U Ë`mg§~§YrMo à`moJ{h \$ma pŠbï> 
AmhoV. Aem n[apñWVrV H$m` H$aVm `oVo ho AmBÝñQ>rZgma»`m 
_hmZ² emókm§Zr XmIdbo Amho. gmnojVmdmX {deX H$aVmZm 
AmBÝñQ>rZZo d¡Mm[aH$ à`moJm§Mm (Thought Experiments) AmYma 
KoVbm hmoVm.

Voìhm g§H$ënZm ZrQ> éOdÊ`mgmR>r AmnUhr doJir d¡Mm[aH$ 
nÕV dmnê$. Vr åhUOo g§H$ënZm§Mm doJdoJù`m nÕVrZo {dMma 
H$aUo, EH$ qH$dm AZoH$ d¡Mm[aH$ Ioi IoiUo! ~Q>Uo Xm~Ê`mMo 
"pìh{S>`mo Joåg' Iyn bmoH${à` AmhoV. Amnë`m d¡Mm[aH$  
Ioim§_Ü`o AmnU Amnë`m _|XyMr ~Q>Uo Xm~y `m! AWm©VM 
Amnbm d¡Mm[aH$ Ioi hm H$m§hr ZdrZ VÎdm§Mr _m§S>Ur H$aUma 
Zmhr Amho. Ver Amnbr j_Vm Zmhr Am{U Vmo Amnë`m 
IoimMm CÔoe Zmhr. Amnë`m IoimMm CÔoe Amho AmnU 
ZwH$Ë`mM _m{hVr H$ê$Z KoVboë`m ZdrZ g§H$ënZm Amnë`mM 
_ZmV ZrQ> éOdUo.

Amnë`m IoimMo Zmd Amho "v Aer H$s Ver.' AUwg§aMZm 
åhUOo AUy_Ü`o Agboë`m BboŠQ´>m°ÝgMo {dVaU doJdoJù`m H$jm 
d CnH$jm§_Ü`o H$emàH$mao Pmbobo AgVo Ë`mMr _m{hVr!
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hr _m{hVr BVH$s _hÎdmMr H$m§ AmhoŸ?

H$maU AUy§Mo OdiOdi gd© JwUY_© ho AUy§_Yrb 
{Za{Zamù`m nÕVrZ| {dV[aV Pmbobo BboŠQ´>m°Ýg H$go dmJVmV 
`mdê$Z R>aV AgVmV. CXm. ~møH$joVrb EHw$bVm EH$ BboŠQ´>m°Z 
XoD$Z Q>mH$m`bm CËgwH$ Agbobo h¡S´>moOZ d AëH$br YmVy§Mo AUy 
CÎm_ jnUH$ (Reducing Agents) AmhoV; Amnë`m ~møH$joV 
OmXm BboŠQ´>m°Ýg g_m{dï> H$am`bm CËgwH$ Agbobo Am°pŠgOZ 
Am{U hobmoOoÝgMo AUy CÎm_ Am°pŠgS>rH$maH$ (Oxidizing 
Agents) AmhoV; Amnë`m ~møH$joVë`m BboŠQ´>m°ÝgÀ`m 
g§»`oV Hw$R>bm{h ~Xb H$am`bm V`ma Zgbobo amOdm`y§Mo AUy 
amOdm`y§Zm amgm`{ZH$ÑîQ>çm {ZpîH«$` ~ZdVmV dJ¡ao dJ¡ao.

  hm Amnbm àm{V{Z{YH$ AUy Amho. Ë`mbm Ñ{ï>g_moa 
R>odyZ `m IoimMr gwédmV H$er Am{U Hw$R>o H$am`MrŸ?

 `m boIZmVyZ H$m`© AW© {ZKVmoŸ? `m AUy_Ü`o EH$hr 
H|$ÐH$s` H$U (àmoQ>m°Ýg qH$dm Ý`yQ´>m°Z) Zmhr. Aem àH$maMo boIZ 
Hw$R>ë`mhr AUyMm {ZX}e H$arV Zmhr.

AmVm {dMma H$ê$  `m {MÝhmMm. `m AUy_Ü`o àmoQ>m°Z 
Zmhr. AUyV {OVHo$ àmoQ>m°Ýg AgVmV {VVHo$M BboŠQ´>m°Ýg 
AgVmV. Voìhm `m AUyV BboŠQ´>m°Z Zmhr. WmoS>Š`mV 

 hm AUyM Zmhr. _J ho {MÝh H$m` Xe©dVo AmhoŸ? ho {MÝh 
dñVw_mZm§H$ EH$ Agbobr, na§Vw AUwA§H$ eyÝ` Agbobr åhUOo 
àmoQ>m°Z Zgbobr dñVy Xe©dVo Amho. hr dñVy Amho EH$ Ý`yQ´>m°Z!

Ý`yQ´>m°Z hm AUy Amho H$m§Ÿ? _wirM Zmhr. Voìhm Ë`mMo boIZ 
AmnU Ago H$ê$. `m Ý`yQ´>m°Zbm H|$Ðm~mhoa ApñVÎd Amho 
H$m§Ÿ? Amho. {ZgJm©V H$mhr {d{eï> n[apñWVrV _moH$im (Free) 
Ý`yQ´>m°Z Agy eH$Vmo.
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Ý`yQ´>m°Z hm AUy Zmhr, nU {ZgJm©V Agy eH$Umam EH$ 
nXmW©H$U (Material Particle) Amho. hm Ý`yQ´>m°Z gwpñWa 
(Stable) Amho H$mŸ? Zmhr. `m Ý`yQ´>m°ZMo Imbrb H|$ÐH$s` 
A{^{H«$`oZo àmoQ´>m°Z_Ü`o n[adV©Z hmoVo.

 àmoQ´>m°ZMo boIZ AmnU     Ago Ho$bo Amho. VoM AmnU 
Agohr H$ê$ eH$Vmo. A{^{H«$`oV {Z_m©U hmoUmam BboŠQ´>m°Z `m  
    {MÝhmZo Xe©{dbm Amho.

AmVm àý {Z_m©U Agm hmoVmo H$s, Ý`yQ´>m°Z åhUOo àmoQ´>m°Z d 
BboŠQ´>m°Z `m§Mr OmoS>Jmoir Amho H$m§Ÿ? Am{U A{^{H«$`m hmoVo 
åhUOo hr OmoS>Jmoir \w$Q>Vo Ago Amho H$m§Ÿ? `m XmoÝhr àým§Mr 
CÎmao A{O~mV Zmhr Aer AmhoV.

Ý`yQ´>m°Z, àmoQ>m°Z Am{U BboŠQ´>m°Z ho {ZgJm©V AmT>iUmao 
VrZ _yb^yV H$U (Fundamental particles) AmhoV. Ë`m§Mo 
JwUY_© {^Þ{^Þ AmhoV Am{U AUy§À`m {Z{_©VrV ho {VÝhr H$U 
Amdí`H$ AmhoV.

`m A{^{H«$`oV {Z_m©U Pmbobo àmoQ>m°Z Am{U BboŠQ´>m°Z ho H$U 
gwpñWa AmhoV H$m§Ÿ? hmo`. ho XmoÝhr H$U àM§S> gwpñWa AmhoV. 
Ý`yQ´>m°Ýg H|$ÐH$m§_Ü`o gwpñWa Agy eH$VmV, nU H|$ÐH$m~mhoaMo 
_moH$io Ý`yQ´>m°Ýg ApñWa AgVmV.

`m {MÝhmMm AmVm AmnU {dMma H$ê$ `m. BWo Amnë`m 
Ioimbm gwédmV hmoV Amho.

A = 1 åhUOo dñVw_mZm§H$ EH$. Z = 1 åhUOo AUwA§H$ 
EH$, åhUOo AUyVë`m àmoQ>m°ZMr g§»`m EH$.

1 1 0

1 1
n p e

O
→ +

−
1

1
p

1

1
X

0

1
e

−

1

1
X
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gmh{OH$M AUyVë`m H|$Ð~mø BboŠQ´>m°ÝgMr g§»`m EH$. 
Agm AUy H$moUVmŸ? AWm©V h¡S´>moOZMm!

Ho$di EH$ àmoQ>m°Z H|$ÐH$mV 
Agbobm Am{U Ë`mÀ`m ^modVr 
1s `m JmobmH$ma H$joV {\$aUmam 
EH$M BboŠQ´>m°Z Ago h¡S´>moOZ 
AUwMo {MÌ AmnU H$mT>bo Amho.

n{hbm àý � ho {MÌ  
à_mUm~ahþHy$_ Amho H$m§Ÿ?

_wirM Zmhr. {MÌmVë`m 7mm ì`mgmÀ`m àmoQ>m°ZnmgyZ 5mm 

ì`mgmÀ`m BboŠQ´>m°Zbm `mo½` A§Vamda åhUOo à_mUm~ahþHy$_ 
A§Vamda R>odm`Mo åhUOo 700 _rQ>a EdT>çm A§Vamda R>odmdo 
bmJob. H$maU AUyMm AmH$ma àmoQ>m°ZÀ`m AmH$mamÀ`m bmInQ> 
_moR>m Amho. Amnbo Hw$R>bohr {MÌ à_mUm~ahþHy$_ AgUma Zmhr. 
VodT>o _moR>o H$mJX Amnë`mOdi ZmhrV.

nU "AUy ~amMgm nmoH$i Amho' `m {dYmZmMm AW© darb 
{ddoMZmdê$Z Amnë`mbm ZrQ> H$iob. 

Amnbr {MÌo Amnë`mbm AUw{df`H$ g§H$ënZm ZrQ>  
g_Omì`mV EdT>çmgmR>rM AmhoV. Amnë`m IoimMm EH$ {Z`_ 
AmnU bjmV KoD$ `m.

BboŠQ´>m°Z JmobmH$ma VgoM b§~mH$ma H$jm§_Ü`o {\$aVmV.

_w»` H$jm H«$_m§H$mEdT>çm CnH$jm AgVmV.

1.

2.
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JmobmH$ma CnH$jm s `m AjamZ| XmIdVmV.  
CXm. 1s, 2s, 3s.  
b§~mH$ma dmT>Vmo Vem CnH$jm p, d, f, `m Ajam§Zr 
XmIdVmV. 
CXm. 2p, 3d, 4f. B.

b§~mH$ma CnH$jm§Mr D$Om© JmobmH$ma CnH$jm§nojm dmT>Vr 
AgVo.

"àmoQ>m°Z, Ý`yQ´>m°Z Am{U BboŠQ´>m°Z' `m§Mm dmna H$ê$Z 
AmnU Amnë`mbm hì`m Vem AUwà{VH¥$Vr ~Zdy eH$Vmo. nU 

3.

4.

AUwg§aMZm
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{ZgJm©Vbr dmñVdVm - {ZgJm©V Vgm AUy ApñVËdmV Amho 
H$s Zmhr � `mda Am{U Ho$di `mdaM Amnbr à{VH¥$Vr `mo½` 
Amho qH$dm Zmhr ho R>aob. Amnbr à{VH¥$Vr {ZgJm©V Agboë`m 
AUyMr Agob VaM Vr _mÝ` hmoB©b.'

AmnU ~Zdboë`m AUwA§H$ EH$ Agboë`m h¡S´>moOZ 
AUwà{VH¥$VrMo H$m`Ÿ? {ZgJm©V Agm à{VH¥$VrZ| {M{ÌV Ho$bobm 
AUy ApñVËdmV Amho. Vwåhm-Amåhm§bm _m{hVr Agboë`m 
h¡S´>moOZ `m _ybÐì`mMm hm AUy Amho. n«{VH¥$Vr _mÝ`!

Amnë`m `m ZwgË`m d¡Mm[aH$ Ioimbm WmoS>rer 
hñVì`dgm`mMr OmoS> XoD$ `m. gmo~VÀ`m AUwg§aMZm 
`m AmH¥$Vrbm EH$m OmS> n¥ð>nÌmda (7 Ply qH$dm 9 Ply 
H$mS>©~moS>©da) {MH$Q>dy. `m AmH¥$Vrda ñn§OmMo Vm§~S>o bhmZ 
VwH$S>o gmÜ`m Q>mMUrZ| H$mù`m H|$ÐH$mda ImoMy `m. ho Pmbo 
H|$Ðm§VJ©V àmoQ>m°Ýg. EH$ àmoQ>m°Z, EH$ ñn§O, EH$ Q>m§MUr! `mM 
nÕVrZ| ñn§OmMo {Zio VwH$S>o Ý`yQ´>m°Z åhUyZ dmnê$ d ñn§OmMo 
{hado VwH$S>o BboŠQ´>m°Z åhUyZ dmnê$.

H$mS>©~moS>©da h¡S´>moOZ Mr à{VH¥$Vr H$er ~Zdm`Mr? 
H$mù`m H|$ÐH$m§V EH$ Vm§~S>m ñn§O Q>m§MUrZ| ImoMbm. hm Pmbm 
H|$ÐH$mVbm EHw$bVm EH$ àmoQ>m°Z. 1s `m CnH$joda EH$ {hadm 
ñn§O Q>mMUrZ| ImoMbm. hm Pmbm 1s `m CnH$joV {\$aUmam 
EHw$bVm EH$ BboŠQ´>m°Z. Aem arVrZ| h¡S´>moOZMr à{VH¥$Vr ~moS>m©da 
V`ma Pmbr.

`mà_mUo Amnbm {dMma AmnU IoimÀ`m ñdê$nm§V ~moS>m©da 
AmUy `m.

AmVm AUwA§H$ EH$nmgyZ AUwA§H$ XmoZH$S>o Om`bm hdo. 
AUwA§H$ XmoZ Agboë`m AUyMr gmo~VÀ`m AmH¥$Vrà_mUo 
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à{VH¥$Vr ~Zdy `m. H|$ÐH$m_Ü`o 
XmoZ àmoQ>m°Ýg d Ë`mÀ`m^modVr 
1s `m JmobmH$ma CnH$joV 
{\$aUmao XmoZ BboŠQ´>m°Ýg. AerM 
à{VH¥$Vr ~moS>m©dahr ~Zdy `m. 
{OVHo$ àmoQ>m°Ýg H|$ÐH$mV {VVHo$M 
BboŠQ´>m°Ýg H|$ÐH$m~mhoa! à{VH¥$Vr 

N>mZ Amho, nU {ZgJm©V Agm AUy ApñVËdmV Zmhr. Voìhm 
à{VH¥$Vr A_mÝ`! ~moS>m©daMm EH$ àmoQ>m°Z d EH$ BboŠQ´>m°Z H$mTy>Z 
¿`m.

AUwA§H$ 1 H$Sy>Z AUyA§H$ 2 H$S>o OmÊ`mMr gai dmQ> ~§X 
Pmbr. _J WmoS>r doJir dmQ> emoYy `m.

H|$ÐH$mV EH$ àmoQ>m°ZÀ`m OmoS>rbm EH$ Ý`yQ´>m°Z KoD$ `m. `m 
à{VH¥$VrVë`m AUyMm AUwA§H$ 
{H$Vr? \$º$ EH$. Ë`m_wio 
1s `m JmobmH$ma CnH$joV 
{\$aUmam EH$M BboŠQ´>m°Z 
`m AUyV Amho. ~moS>m©dahr 
H$mù`m H|$ÐH$mV EH$ {Zim 
ñn§O - Ý`yQ´>m°Z ImoMy `m.

{ZgJm©V Agm AUy ApñVËdmV 
Amho H$m? Amho.

hm Amho S>çwQ>o[a`_Mm AUy. S>çwQ>o[a`_ hr H$m` ^mZJS> 
Amho? à{VH¥$Vr ZrQ> Vnmgy `m. H|$ÐH$mV àmoQ>m°ÝgMr g§»` {H$Vr? 
\$º$ EH$. åhUOo AUwA§H$ EH$. AUwA§H$ EH$ Agbobo _ybÐì` 
H$moUVo? h¡S´>moOZ! åhUOo S>çwQ>o[a`_ hm h¡S´>moOZMmM EH$ àH$ma. 
{ZgJm©V h¡S´>moOZ _ybÐì`m_Ü`o S>çwQ>o[a`_ A{Ve` H$_r à_mUmV 
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ApñVËdmV AgVmo. `mMm dñVw_mZm§H$ 2 d AUwA§H$     
~ar dmQ> gmnS>br! hr dmQ> Hw$R>o KoD$Z OmVo Vo nmhÿ `m.

Ho$§ÐH$mV EH$ àmoQ>m°Z d XmoZ Ý`yQ´>m°Z KoD$ `m. AUwA§H$ 
AOyZhr EH$M! Ë`m_wio 1s `m JmobmH$ma CnH$joV {\$aUmam 

EH$M BboŠQ´>m°Z.

~moS>m©da H$mù`m H|$ÐH$mV 
EH$ {Zim Ý`yQ´>m°Z XoD$ åhUOo 
Amnbo H$m_ Pmbo.

{ZgJm©V hm AUy ApñVËdmV 
Amho H$m§Ÿ? hmo`, nU A{Ve` 
ZJÊ` à_mUmV. hm h¡S´>moOZMmM 
dñVw_mZm§H$ 3 d AUwA§H$ 1 
Agbobm {Q´>{Q>`_Mm AUy! 

åhUOo {ZgJm©V h¡S´>moOZMo VrZ àH$ma AgVmV. Amnë`m nÕVrZo 
Ë`m§Mo boIZ Ago Agob...

  h¡S´>moOZ;  S>çwQ>o[a`_;    {Q´>{Q>`_

_ybÐì` H$moUVo Amho ho H$emdê$Z R>aVo. Ho$di AUwA§H$mdê$ZM!

àmoQ>m°ÝgMr g§»`m Xe©dUmam AUwA§H$ EH$M, nU 
Ý`yQ´>m°ÝgMr g§»`m doJir Agë`mZo AUwdñVw_mZm§H$ 
_mÌ doJim Aem EH$mM _ybÐì`mÀ`m {^Þ-KQ>H$ 
AUy§Zm EH$_oH$m§Mr g_ñWmZHo$ (Isotopes) Ago åhUVmV.

AmnU h¡S´>moOZMr VrZ g_ñWmZHo$ nm{hbr.

1

1
H =

2

1
H =

3

1
H =
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AmVm `mnwT>o Ý`yQ´>m°ÝgMr g§»`m AmUIr dmT>dV OmD$Z 
h¡S´>moOZMo AmUIr ZdrZ AUy (ZdrZ g_ñWmZHo$) {_iVrb 
H$m§? _wirM Zmhr. AmnU AmYrM A{VaoH$ Ho$bm Amho. Vmo H$gm 
Vo nmhÿ.

H|$ÐH$m_Ü`o Ý`yQ´>m°ÝgMr g§»`m Am{U àmoQ>m°ÝgMr g§»`m `m§Mo 
JwUmoÎma åhUOoM N : Z ho JwUmoÎma H$_r AUwA§H$m§À`m AUy§_Ü`o 
gd©gmYmaUnUo 1 : 1 Ago AgVo. AUwA§H$ dmT>V Jobm åhUOo 
ho JwUmoÎma dmT>V dmT>V 1.56 : 1 BWn`ªV dmT>V OmVo.

N : Z ho JwUmoÎma `mo½` Zgbobo AUy ApñWa AgVmV. 
Ë`m§À`m H|$ÐH$m§_Ü`o n[adV©Z hmoD$Z AÝ` _ybÐì`m§Mr pñWa 
H|$ÐHo$ ~ZVmV. {Q´>{Q>`_Mm AUy ApñWa AgVmo. Ë`mÀ`m 
H|$ÐH$m_Yrb EH$m Ý`yQ´>m°ZMo EH$ àmoQ>m°Z Am{U EH$ BboŠQ´>m°Z Ago 
n[adV©Z hmoVo.

   hr A{^{H«$`m AmnU AJmoXa nm{hbr  
 
AmhoM. {VÀ`m_wio {Q´>{Q>`_À`m AUyMo AUwA§H$ 2 Agboë`m 
{h{b`_À`m AUyV énm§Va hmoVo.

`m àH$maMo n[adV©Z \$º$ H|$ÐH$m§V hmoVo. ~mø 
n[apñWVrMm `m n[adV©Zmda qH$dm Ë`mÀ`m doJmda 
H$mhr{h n[aUm_ hmoV Zmhr. Aem n[adV©Zm§Zm 
{H$aUmoËgm[aVm (Radioactivity) Ago Zmd Amho.

AmVm Amnë`m Ioim§V AmVmn`ªV H$m` KS>bo `mMm AmT>mdm 
KoD$ `m. Amnë`mbm Imbrb Jmoï>r g_Oë`m AmhoV…

1 1 0

0 1 1
n P e→ +

−

3 3 0

1 2 1
H He e→ +

−
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_moH$im (free) Ý`yQ´>m°Z ApñWa AgVmo.

_moH$io (free) àmoQ´>m°Ýg d BboŠQ´>m°Ýg àM§S> gwpñWa AgVmV.

g_ñWmZH$m§Mr {Z_uVr.

{H$aUmoËgm[aVoMo EH$ H$maU.

Amnë`m IoimV AmnU AUwA§H$ 1 nmgyZ AUwA§H$ 2 n`ªV 
nmohmoMbmo AmhmoV.

{Q´>{Q>`_nmgyZ {H$aUmoËgm[aVo_wio {Z_m©U Pmboë`m {h{b`_À`m 
AUwdñVw_mZm§H$ 3 d AUwA§H$ 2 Agboë`m AUyMr hr à{VH¥$Vr 

gmo~V Amho.

{Q´>{Q>`_À`m H|$ÐH$m_Ü`o 
EH$ àmoQ>m°Z gm_rb H$ê$ `m. 
     
AUwdñVw_mZm§H$...4 
     
AUwA§H$..........2 
 1s CnH$joV 2 
BboŠQ´>m°Ýg AmhoV. hm 
{ZgJm©V gmnS>Umam {h{b`_ 
_ybÐì`mMm dñVw_mZm§H$ 
4 Agbobm AUy Ë`m_wio 
à{VH¥$Vr _mÝ`!

~moS>m©da AmnU 3He 
Am{U 4HeÀ`m à{VH¥$Vr 
H$ê$ `m. {h{b`_ `m 

1.

2.

3.

4.
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_ybÐì`mMrgwÕm      Aer Am{U      Aer XmoZ g_ñWmZHo$ 
AgVmV. 

AmVm EH$ \$ma J§^ra àý CnpñWV Pmbm Amho. h¡S´>moOZÀ`m 
AUy_Ü`o YZ^m[aV àmoQ>m°ZnmgyZ F$U^m[aV BboŠQ´>m°Z hm  
10-8 g|._r. EdT>çm A§Vamda Amho. nU `m J{V_mZ BboŠQ´>m°Zbm 
Xmohm|_Yrb AmH$f©H$ ~b 10-8 g|._r. `m A§Vamda OISy>Z R>odVo 
Amho.

ho{b`_À`m H|$ÐH$m_Ü`o _mÌ XmoZ YZ^m[aV àmoQ>m°Ýg 
EH$_oH$m§nmgyZ \$º$ 10-13 g|._r. EdT>çm A§Vamda AmhoV. `m 
XmoZ àmoQ>m°Ýg_Yrb AnH$f©H$ ~b ho h¡S´>moOZ AUyVë`m BboŠQ´>m°Z 
àmoQ>m°Z AmH$f©H$ ~bmnojm (EH$ hOma H$moQ>r) EdT>çm nQ>rV hdo; 
åhUOo \$maM àM§S> hdo. _J ho{b`_Mo H|$ÐH$ gwpñWa H$goŸ?

AmVmn`ªV AmnU YZ Am{U F$U à^mam§À`m AmH$f©H$ d 
AnH$f©H$ ~bm§MmM {dMma Ho$bm. àmoQ>m°Z Am{U Ý`yQ´>m°Z `m 
H|$ÐH$s` H$Um§_Ü`o {dÚwVr` ~bmÀ`m e§^anQ> Omo_Xma Ago 
AmH$f©H$ ~b H$m_ H$arV AgVo. àmoQ>m°Z-àmoQ>m°Z, Ý`yQ´>m°Z-Ý`yQ´>m°Z  
qH$dm àmoQ>m°Z-Ý`yQ´>m°Z `m Hw$R>ë`mhr OmoS>r_Ü`o ho ~b AgVo. nU 
ho  gmYmaUV… 2 qH$dm 3 x 10-13 g|._r. EdT>çm A§Vamn`ªVM 
H$m_ H$aVo. H|$Ðr` H$Um§_Yrb A§Va `mnojm OmñV Pmbo åhUOo 
ho ~b eyÝ` hmoVo.

Ho$§ÐH$s` H$Um§_Yrb A§Va 3 x 10-13 g|._r. nojm H$_r 
-{dÚwVr` ~bmÀ`m e§^anQ> Omo_Xma AmH$f©H$ ~b 
-`mbm H|$ÐH$s` ~b åhUVmV.  
H|$ÐH$s` H$Um§_Yrb A§Va 3 x 10-13 g|. _r. nojm OmñV 
-H|$ÐH$s` ~b eyÝ`.
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AmVmn`ªV Amnbm Ioi \$ma hiyhiy Mmbbm Amho. AmnU 
AUwA§H$ 2 n`ªVM _Ob _mabr Amho. nwT>Mm AUwA§H$ 3

AmnU H|$ÐH$mV 3 àmoQ>m°Z d 4 Ý`yQ´>m°Z Agboë`m AUyMr 
à{VH¥$Vr H$mT>br Amho. 
n{hë`m H$joV BboŠQ´>m°Z 
{H$Vr AgVrb? \$º$ 
XmoZ. ho XmoÝhr 1s H$joV 
AgVrb. 

AUyVë`m EHy$U 
BboŠQ´>mÝgMr g§»`m 
{H$Vr? {OVHo$ H|$ÐH$mV 
àmoQ>m°Ýg AmhoV {VVH$s 
åhUOo 3. AUyVë`m 
EHy$U BboŠQ´>m°ÝgMr g§»`m 

R>adVmZm Xadoir àmoQ>m°ÝgMm {dMma Ho$bmM nm{hOo H$m§Ÿ? Zmhr. 
{OVH$m AUwA§H$ {VVHo$ EHy$U BboŠQ´>m°Ýg AUy_Ü`o hdoV.

AmVm {b{W`_À`m AUyVrb {Vgè`m BboŠQ´>m°Zbm H$moUË`m 
H$joV R>odm`Mo? n{hbr H$jm ^abr Amho. Voìhm Xwgè`m H$joV 
d Vohr 2s `m CnH$joV. AmnU Ë`mà_mUo à{VH¥$Vr H$mT>br 
Amho. d {ZgJm©V  Agm AUy ApñVËdmV Amho, åhUOo Amnbr 
à{VH¥$Vr ~amo~a Amho.

AmVm {b{W`_Mo BboŠQ´>m°Z g§ê$nU H$go {bhm`Mo. CnH$joÀ`m 
daÀ`m ~mOyg {H$Vr BboŠQ´>m°Ýg g_m{dï> AmhoV Vr g§»`m {bhÿZ! 
{b{W`_Mo g§ê$nU H$go Amho…

Li -  1s2 2s1
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AUwA§H$ 4 Agbobo 
_ybÐì` ~o[a{b`_ H|$ÐH$mV 
4 àmoQ>m°ÝgÀ`m ~amo~a 5 
Ý`yQ´>m°Ýg.

EHy$U BboŠQ´>mÝgMr 
g§»`m 4. Ë`mn¡H$s XmoZ 1s 
`m CnH$joV d  XmoZ 2s 

`m CnH$joV.  
{ZgJm©V ApñVÎdmV 
Agboë`m `m AUyMr hr 
`mo½` à{VH¥$Vr. ~o[a{b`_Mo 

g§ê$nU Ago,

Be - 1s2 2s2

AUwA§H$ 5. 
_ybÐì` ~moam°Z. 
H|$ÐH$m_Ü`o 5 
àmooQ>m°Z d 5 
Ý`yQ´>m°Z. Ho$Ð~mø 5 
BboŠQ´>m°ÝgMo {dVaU 
Ago

1s CnH$joV 2

2s CnH$joV 2

2p CnH$joV 1

~moam°ZMo g§ê$nU B -  1s2 ,  2s2 , 2p1
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H$em à{VH¥$Vr H$am`À`m Vo AmVm Amnë`m bjmV Ambo 
Amho. nwT>rb à{VH¥$VtgmR>r AmnU \$º$ H|$Ð~mø BboŠQ´>m°ÝgMr 
g§»`m Am{U {dVaU bjmV KoD$. H|$ÐH$m_Yrb dmT>rd àmoQ>m°Ýg 
d Ý`yQ´>m°Ýg Amnmnbr H$miOr KoVrb Ago g_Oy `m.

AmUIr H$mhr _ybÐì`m§À`m AUy§Mr g§ê$nUo AmnU {bhÿ `m.

Carbon C  1s2    2s2   2p2

Nitrogen N  1s2   2s2   2p3

Oxygen O  1s2   2s2   2p4

Fluorine F  1s2   2s2   2p5

Neon Ne  1s2   2s2   2p6

Sodium Na  1s2   2s2   2p6   3s1

Silicon Si    1s2   2s2   2p6   3s2   3p2

Chlorine Cl   1s2   2s2   2p6   3s2   3p5 

~moS>mªMm dmna H$ê$Z hr g§ê$nUo Ñí`> (Visual) nÕVrZo n¸$s 
H$ê$Z KoVm `oVmV. AmnU hmVmZ| hr g§ê$nUo ~moS>m©da V`ma Ho$br 
Am{U _wbm§H$Sy>Zhr Ver H$ê$Z KoVbr Va _wbm§À`m AmH$bZmV 
g§ê$nUo `oÊ`mgmR>r \$ma Cn`moJ hmoB©b.

AUwg§aMZm (Automic Structure) åhUOo doJdoJù`m  
AUy§_Yë`m BboŠQ´>m°ÝgMo doJdoJù`m H$jm d CnH$jm§_Ü`o H$go 
{dVaU (Distribution) Pmbobo Amho Ë`mMo dU©Z.

n{hë`m H$mhr _ybÐì`m§À`m AUwg§aMZoMm Vº$m AmnU 
IoimÀ`m `m eodQ>À`m ^mJmV H$ê$.
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_ybÐì` AUwA§H$   CnH$jm§_Yrb BboŠQ´>m°ÝgMo 
{dVaU

  1s 2s 2p 3s 3p 4s

hm`S´>moOZ 1 1

ho{b`_ 2 2

{b{W`_ 3 2 1

~o[a{b`_ 4 2 2

~moam°Z 5 2 2 1

H$m~©Z 6 2 2 2

Zm`Q´>moOZ 7 2 2 3

Am°pŠgOZ 8 2 2 4

âë`warZ 9 2 2 5

{ZAm°Z 10 2 2 6

gmo{S>`_ 11 2 2 6 1

_°¾o{e`_ 12 2 2 6 2

A°ë`w{_{Z`_ 13 2 2 6 2 1

{g{bH$m°Z 14 2 2 6 2 2

\$m°ñ\$ag 15 2 2 6 2 3

gë\$a 16 2 2 6 2 4

Šbmo[aZ 17 2 2 6 2 5

AaJm°Z 18 2 2 6 2 6

nmoQ>°{e`_ 19 2 2 6 2 6 1*

[
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	13	 AmdV©gm[aUr

_mJrb àH$aUmÀ`m eodQ>À`m VŠË`m§V AmnU H$m§hrVar 
\$gdm\$gdr Ho$br Amho H$m§? h„rÀ`m _wbm§À`m gmÜ`m _amR>rV 
{dMmam`M§ åhUOo AmnU "MrqQ>J' Ho$b§ Amho H$m§?

daH$aUr Ag§ {XgV§ Amho. BboŠQ´>m°ÝgMm ^aUm 3d `m 
CnH$joV H$am`À`m AmYrM AmnU 4s  `m CnH$joV EH m 
BboŠQ´>m°Zbm OmJm {Xbr. nU Ia§ gm§Jm`M§ Va AmnU Ag§ H$m§ 
Ho$b§ Ë`mbm AJXr gw`mo½` H$maU§ AmhoV. Vr g_OmdyZ KoVKoV 
AmnU EH$ ZdrZ Ioi gwê$ H$aUma AmhmoV. Ë`mM§ Zmd Amho. 
"AmdV©gm[aUr'

OdiOdi 92 doJdoJir _ybÐì`o {ZgJm©V AmT>iVmV. 
`m§Mm Aä`mg doJdoJù`m 92 nÕVtZr H$am`Mm H$m§Ÿ? AWm©VM 
Ver JaO Zmhr. g_mZ JwUY_mªÀ`m _ybÐì`m§Mo JQ> H$ê$Z Ë`m 
JQ>mMm Aä`mg H$aU§ gmon§ nS>ob.

JQ>m§À`m Aem dJuH$aUmbm gwédmV S>mo~am`Za, Ý`yb±S>g² 
BË`mXr emókm§Zr Ho$br, nU agm`ZemómÀ`m Aä`mgH$m§Zm 
A{Ve` Cn`wº$ R>aob Agm `m dJuH$aUmMm Vº$m 
"AmdV©gm[aUr' À`m ñdê$nmV _±S>obr\$ `m à{V^membr a{e`Z 
emókmZo àW_ V`ma Ho$bm.

_±S>obr\$À`m AmdV©gm[aUrMo gyÌ g_OmdyZ KoÊ`mgmR>r AmnU 
EH$m N>moQ>çmem _wÚmMr _m{hVr H$ê$Z KoVbr nm{hOo.

[X[_Ìr _±S>obr\$ 
(1834-1907)



��  - AUyMo A§Va§J



AUyMo A§Va§J - ��



��  - AUyMo A§Va§J

g_ñWmZH$ hr AmYw{ZH$ H$ënZm Ë`mdoir _m{hVr ZìhVr. 
Ë`m_wio _ybÐì`m§Mm "AUw^mam§H$' (Automic Weight) R>adbm 
Om`Mm. hm AUw^mam§H$ {H$Ë`oH$ doim AnyUmªH$mV Agm`Mm. 
CXm. ŠbmoarZ `m _ybÐì`mMm AUw^mam§H$ 35.5 Amho. Amnë`m 
h„rÀ`m _m{hVrZwgma 35.5 hm AUw^mam§H$ {ZgJm©V AmT>iUmè`m 
Cl35  Am{U Cl37 `m XmoZ g_ñWmZH$m§Mr à_m{UV gamgar 
(Weighted Average) Amho. _wÚmMm ^mJ åhUOo _±S>obr\$À`m 
doir \$º$ "AUw^mam§H$' _m{hVr hmoVo.

AUwdñVw_mZm§H$ hr g§H$ënZm AmYw{ZH$ Amho.

_±S>obr\$Mr AmdV©gm[aUr åhUOo _ybÐì`m§Mr dmT>Ë`m 
"AUw^mam§H$m'Zwgma Ho$bobr H«$_aMZm!

`m H«$_aMZoÀ`m _wimer AmdVu\$b (Preiodic Function) 
hr g§H$ënZm Amho. g_mZ amgm`{ZH$ JwUY_m©Mr _ybÐì`o 
`m H«$_aMZoV EH$m {d{eï> dma§dm[aVoZo AmT>iVmV. dmT>Ë`m 
AUw^mam§H$mZwgma _ybÐì`m§Mr Zm|X Amoir_Ü`o H$aV Om`Mo Am{U 
g_mZ amgm`{ZH$ JwUY_m©À`m _ybÐì`m§Zm EH$mImbr EH$ Aem 
ñV§^m_Ü`o Zm|Xdm`Mo Aer hr aMZm Amho. AmoitZm AmdV©Zo 
(Periods) Am{U ñV§^m§Zm JQ> (Gruop) Ago åhUVmV.

AmdV©Zm_Ü`o S>mdrH$Sy>Z COdrH$S>o amgm`{ZH$ JwUY_© ~XbV 
AgVmV. hm ~Xb YmVwJwUm§nmgyZ AYmVwJwUm§H$S>o Agm AgVmo. 
JQ>m§_Ü`o AmnmoAmnM g_mZ JwUY_m©Mr _ybÐì`o AgVmV. 
AmdVu\$bmMm àË`` JQ>m§_wio `oVmo.

AmYw{ZH$ AmdV©gm[aUrMr aMZm dmT>Ë`m AUwA§H$mZwgma 
Ho$br Amho. AmdV©Zo (Periods) d JQ> (Groups) `m 
g§H$ënZm H$m`_ AmhoV.
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AmYw{ZH$ AmdV©gm[aUrV _±S>obr\$À`m AmdV©gm[aUrVrb 
H$mhr ÌwQ>r Xya Pmboë`m AmhoV.

gmo~VÀ`m AmYw{ZH$ AmdV©gm[aUrH$S>o ZOa Q>mH$ë`mda 
Amnë`m _ZmV `m Ioim§Vrb Imbrb àý C^o amhVmV.

 ~mohaÀ`m 2n2 gyÌmà_mUo "AmdV©Zo' 2, 8, 18, 32, 50 Aem 
_ybÐì` g§»`m§Mr Agm`bm hdrV. dmñVdmV Vr 2, 8, 8, 
18, 18, 32, 32... Aer AmhoV Ago H$m KS>mdoŸ?

AmdV©Z gwê$ hmoÊ`mMm {Z`_ H$m`? AmdV©Z g§nÊ`mMm 
{Z`_ H$m`?

_±S>obr\$gma»`m Hw$Um AÝ` emókmZo qH$dm emókm§Zr hr 
aMZm {Z_m©U Ho$br Amho H$m§? qH$dm {VÀ`m_mJo AmnU 
g_OmdyZ KoD$ eHy$ Ago H$mhr gmYo {ZgJ©{Z`_ AmhoV?

`m àým§Mr CÎmao Amnë`mbm IoimVM {_iUma AmhoV. Ioi 
åhQ>bm H$s, IoimMo {Z`_ ho AmboM! Amnë`m IoimMo {Z`_ 
Ago AmhoV �

dmT>Ë`m AUwA§H$m§à_mUo _ybÐì`m§Mr aMZm H$am`Mr.

AUy_Ü`o EH$m doir EH$ BboŠQ´>m°Z g_m{dï> hmoB©b, Vmo 
BboŠQ´>m°Z. CnbãY Agboë`m H$_rVH$_r D$Om©pñWVrV 
(CnH$joV) gm_rb hmoB©b. `m {Z`_mbm "Am°\$~mo' Mm 
{Z`_ åhUVmV.

n H«$_m§H$mMr H$jm ^am`bm gwédmV Pmbr H$s, n H«$_m§H$mMo 
AmdV©Z gwê$ hmoVo.

gd© CnH$jm§Mr dmT>Ë`m D$Om©H«$_mZ| _m§S>Ur H$aÊ`mgmR>r 
H$moUVohr g¡Õm§{VH$ gyÌ Zmhr, Amnë`m IoimV AmnU 
dmnaV Agbobm COm©H«$_ Ho$di à`moJm§ZrM R>acocm Amho

1.

2.

3.

a)

b)

c)

d)
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Amnë`m IoimV hm à`moJm{Y{ð>V COm©©H«$_ nmiy `m. Vmo 
Agm Amho.

 1s

 2s 2p

 3s 3p

 4s 3d 4p

 5s 4d 5p

 6s 5d 4f 6p

 7s 6d 5f 7p

AUw{Z{_©Vr à{VH¥$Vr `m Amnë`m n{hë`m Ioim§V AmnU 
AmdV©gm[aUr A§eV… {Z_m©U Ho$br hmoVr.

h¡S´>moOZ (H) d ho{b`_ (He) `m§À`m {Z{_©Vr Z§Va n{hbr 
1s H$jm ^abr. AmVm ZdrZ BboŠQ´>m°Zbm OmJm Xwgè`m H$joV! 
åhUOo n{hbo AmdV©Z g§nbo. Vo \$º$ XmoZ _ybÐì`m§Mo Amho.

Xwgè`m H$joV EH$ EH$ BboŠQ´>m°Z Úm`bm gwédmV Ho$br 
H$s àW_ {b{W`_ (Li) d Z§Va ~o[a{b`_ (Be) `m XmoZ 
_ybÐì`m§À`m {Z{_©Vr_Ü`o Xwgè`m H$joVrb 2s hr CnH$jm ^aVo. 
Ë`mZ§VaMr H$_rVH$_r CO}Mr CnH$jm åhUOo 2p hr Amho. 
2p _Ü`o EH$-EH$ BboŠQ´>m°Z g_m{dï> hmoVmZm ~moam°Z (B),  
H$m~©Z (C), Zm`Q´>moOZ (N), Am°pŠgOZ (O), âë`wwAmo[aZ (F) 
Am{U {ZAm°Z (Ne) `m ghm _ybÐì`m§Mr {Z{_©Vr hmoVo d Xwgar 
H$jm nyU©nUo ^aVo. Xwgao AmdV©Z AmR> _ybÐì`m§Mo Amho.

gmh{OH$M AmVm {Vgè`m H$joV BboŠQ´>m°ÝgZm g_m{dï> H$ê$Z 
¿`m`bm hdo åhUOo {Vgao AmdV©Z gwê$. {Vgè`m H$joVrb 

e)
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3s `m CnH$joV EH$EH$ BboŠQ´>m°Z gm_rb Pmë`mZ| AZwH«$_o 
gmo{S>`_ (Na) d _°¾o{e`_ (Mg) `m§Mr {Z{_©Vr hmoD$Z 3s hr 
CnH$jm ^aVo. AmVm H$_rV H$_r D$O}Mr CnH$jm 3p hr Amho.  
{VÀ`mV EH$ EH$ BboŠQ´>m°Z g_m{dï> hmoVmZm A°ë`w{_{Z`_ (Al), 
{g{bH$m°Z (Si), \$m°ñ\$ag (P), gë\$a (S), Šbmo[aZ (Cl), Am{U 
AaJm°Z (Ar) hr ghm _ybÐì`o {Z_m©U hmoVmV d 3p hr CnH$jm 
^aVo.

AmVm nwT>À`m _ybÐì`mÀ`m {Z{_©VrgmR>r 3d `m CnH$joV 
BboŠQ´>m°Z gm_rb H$am`Mo H$m? Zmhr! H$maU 3d hr CnH$jm 
4s `m CnH$jonojm Oamer OmñV CO}Mr Amho. 4s `m CnH$joV 
BboŠQ´>m°Z g_m{dï> H$am`Mo åhUOo MdÏ`m AmdV©Zmbm gwédmV 
H$am`Mr. åhUyZ {Vgao AmR>M _ybÐì`m§Mo AmdV©Z A°aJm°Z (Ar) 
`m _ybÐì`mZo g§nVo.

4s `m CnH$joV BboŠQ´>m°Ýg gm_rb H$ê$Z AmnU nmoQ>°{e`_ 
(K) d H°$b{e`_ (Ca) `m§Mr {Z{_©Vr Ho$br Am{U 4s hr 
CnH$jm ^abr.

H°$b{e`_ Z§Va BboŠQ´>m°Ýg 4p `m CnH$joV g_m{dï> H$am`Mo 
H$m§? Zmhr. H$maU 3d hr CnH$jm {VÀ`mnojm H$_r d CnbãY 
(Z ^aboë`m) CnH$jm§_Ü`o H$_rV H$_r D$O}Mr Amho.

Ë`m_wio H°$b{e`_Z§Va 3d `m CnH$joV EH$ EH$ BboŠQ´>m°Z 
gm_rb hmoV hmoV Sc (ñH°±${S>`_), Ti ({Q>Q>m{Z`_),  
V (ìh°Zo{S>`_), Cr (H«$mo{_`_), Mn (_±JZrO), Fe (Am`Z©),  
Co (H$mo~mëQ>), Ni ({ZHo$b), Cu (H$m°na) Am{U Zn (qPH$) 
`m Xhm _ybÐì`m§Mr {Z{_©Vr hmoVo Am{U 3d CnH$jm ^aVo.

amgm`{ZH$ JwUY_© ho ~møH$joVë`m BboŠQ´>m°ÝgÀ`m g§»`oda 
Adb§~yZ AgVmV. H°$b{e`_ nmgyZ qPH$n`ªV ~møH$joVrb 
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BboŠQ´>m°Zg§»`m XmoZ. Ë`m_wio `m gdmªMo JwUY_© H°$b{e`_ 
YmVygmaIo AmhoV. Sc nmgyZ Zn n`ªVMr Xhmhr _ybÐì`o YmVy 
(Metals) AmhoV.

~møH$jm Anwar amhÿZ Am§VaH$jm 3d ^aë`m_wio {Z_m©U 
hmoUmè`m Sc Vo Zn `m _ybÐì`m§Zm g§H«$m_H$ (Transition) 

_ybÐì`o åhUVmV.

`m§À`m {Z{_©VrZ§Va 4p hr CnH$jm ^ê$ bmJVo. J°{b`_ 
(Ga), O_}{Z`_ (Ge), Amg}{ZH$ (As), gobo{Z`_ (Se), ~«mo{_Z 
(Br), Am{U {H«$ßQ>m°Z (Kr) `m§Mr {Z{_©Vr hmoVo. Ga nmgyZ Kr 

n`ªV ~mø BboŠQ´>m°ÝgMr g§»`m ~XbVr Agë`mZo (3 Vo 8) 
amgm`{ZH$ JwUY_mª_Ü`o ~Xb hmoV amhVmo.

nm§Mì`m AmdV©ZmV MdÏ`mMrM nwZamd¥Îmr hmoVo. Rb Am{U 
Sr `m§À`m {Z{_©VrV 5s CnH$jm ^aVo. Y, Zr, Nb, Mo, Tc, Ru, 
Rh, Pd, Ag, Cd `m§À`m {Z{_©VrZo 4d H$jm ^aVo. hm g§H«$m_H$ 
_ybÐì`m§Mm Xwgam JQ>. Ë`mZ§Va In, Sn, Sb, Te, I Am{U Xe 
`m§À`m {Z{_©VrV 5p hr CnH$jm ^aVo. hohr AmdV©Z 18  
_ybÐì`m§MoM Amho.

ghmdo AmdV©Z 32 _ybÐì`m§Mo Amho, Ë`mMr {Z{_©Vr H$er 
hmoVo?

gr{P`_ (Cs), Am{U ~o[a`_ (Ba), `m§À`m {Z{_©VrV 6s hr 
CnH$jm ^ê$Z OmVo. AmVm CnbãY CnH$jm Amho 5d. {VÀ`mV 
EH$ BboŠQ´>m°Z gm_rb hmoD$Z b±W°Z_ (La) Mr {Z{_©Vr hmoVo. nU 
BVHo$  hmoVm hmoVm EH$ {d{MÌ àH$ma KS>Vmo. 4f `m CnH$joMr 
D$Om© 5d `m CnH$joÀ`m D$O}nojm H$_r hmoVo. `m KQ>ZoÀ`m 
pŠbï> H$maUm§Mm Vnmg AmnU H$aUma Zmhr AmhmoV. nU La 
Z§Va AmVm 4f CnH$jm ^ê$ bmJVo Am{U gr[a`_ (Ce) nmgyZ 
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bwQ>o{e`_ (Lu) Aem 14 _ybÐì`m§Mr {Z{_©Vr hmoVo. `m 14 
_ybÐì`m§Zm b°WZmBS>g² (Lanthanides) åhUVmV. Ë`mZ§Va naV 
5d hr CnH$jm ^ê$ bmJVo. d Hf, Ta, W, Re, Os, Ir, Pt, Au 
d Hg `m AmUIr ZD$ _ybÐì`m§Mr {Z{_©Vr hmoVo.

Ba Z§Va ~mø H$joVrb BboŠQ´>m°ÝgMr g§»`m XmoZM amhVo 
Am{U 5d d 4f `m CnH$jm ^aVmZm 24 _ybÐì`m§Mr {Z{_©Vr 
hmoVo. Ë`m§Zm Am§Vag§H«$m_H$ (Inner Transition) _ybÐì`o 
åhUVmV.

AmVm CnbãY D$Om©H$jm 6p Amho. ~mø H$joVrb 
BboŠQ´>m°ÝgMr g§»`m ~XbV OmVo. (3 Vo 8) Am{U W°{b`_ 
(Tl), {ego (Pb), {~ñ_W (Bi), nmobmo{Z`_ (Po), A°ñQ>mQ>mB©Z 
(At), Am{U aoS>m°Z (Rn) `m ~XbË`m amgm`{ZH$ JwUY_mªÀ`m 
_ybÐì`m§Mr {Z{_©Vr hmoVo.

gmVì`m AmdV©ZmÀ`m {Z{_©VrV naV ghmì`m AmdV©ZmMr 
nwZamd¥Îmr hmoVo. Fr (\«±${g`_) Am{U  Ra (ao{S>`_) `m§À`m_wio 
7s CnH$jm ^aVo.  A°pŠQ>{Z`_ (Ac), `mMr {Z{_©Vr 6d _Ü`o 
EH$ BboŠQ´>m°Z gm_rb hmoD$Z hmoVo. Ë`mZ§Va _mÌ 5f hr CnH$jm 
^am`bm bmJVo Am{U 14 A°pŠQ>ZmBS>g² (Actinides) Mr {Z{_©Vr 
hmoVo. Ë`mn¡H$s Wmo[a`_ (Th), àmooQ>°pŠQ>{Z`_ (Pa), Am{U `wao{Z`_ 
(U) EdT>rM _ybÐì`o {ZgJm©V AmT>iVmV. ZonÀ`w{Z`_ (Np) 
Am{U ßbwQ>mo{Z`_ (Pu) hr AUw^Å>çm§_Ü`o {Z_m©U hmoVmV. 
`mZ§VaMr _ybÐì`o _mZd{Z{_©V AmhoV. Ë`m§Mm Aä`mg AmnU 
nwT>o Ho$ìhmVar H$ê$...

AmdV©gm[aUr hr Amnë`m AmdmŠ`m~mhoaÀ`m d¡km{ZH$ 
àUmqbMr Oê$a Z bmJVm Amnë`mbm g_Oob BVŠ`m 
ghOnUo; nU A{Zdm`©nUo {ZînÞ hmoVo, hr \$ma gwIX 
Jmoï> Amho.
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AI§{S>V -(Continuous)
A{¾ - (Fire)
AUwg§aMZm - (Atomic Structure)
AUy - (Atom)
AUy dñVw_mZ EH$H$ - (Atomic, Mass unit)
AYmVy - (Non-metal)
A[Ydmg  - (Orbital)
AZnKQ>Zr - (Non Electrolytic)
AnH$f©U - (Repulsion)
AnKQ>Z - (Dissociation)
AnKQ>Zr - (Electrolytic)
AnñH$aU - (Dispersion)
A{^{H«$`mH$maH$- (Reactants)
A_¥V- (Elixir of Life)
AdVa§J - (Transverse Waves)
A{dZmer- (Indestructible)
Am§V[aH$ - (Internal)
AmH$f©U - (Attraction)
AmH$ma - (Shape)
AmH$ma_mZ - (Size or Volume)
Am`Z - (Ion)
Am`m_ - (Amplitude)
AmdV©Z - (Period)
AmdVu\$b - (Periodic Function)
CËnm{XVo - (Products)
D$Om© - (Energy)
F$UQ>moH$ - (Cathode)
F$Um`Z - (Anion)
Am°pŠgS>rH$maH$ - (Oxidizing Agent)
H§$nZ / H§$àVm - (Frequency)
H$mb - (Time)
{H$aUmoËgm[aVm - (Radioactivity)

nm[a^m{fH$ eãXm§Mr gyMr

Hw$bmo_ - (Coulomb)
H°$WmoS> {H$aU - (Cathode Rays)
Šb¥ár - (Device)
jnUH$ - (Reducing Agent)
I§{S>V - (Discrete)
JQ> - (Group)
JwUmoÎma - (Ratio)
J¥hrVH$ - (Hypothesis)
KQ>Zm - (Phenomenon)
KZVm - (Density)
MH«$s` g§doJ - (Angular Momentum)
OmoS>Jmoir- (Dipole)
VÏ` - (Reality)
Va§Jbm§~r - (Wave length)
Wama - (Thrill)
XmQ> - (Dense)
Xm~- (Pressure)
{XH²$ - (Space)
{Xï>Ymam - (Direct Current)
Xwdm©hH$ - (Bad Conductors)
{ÛAUy - (Diatomic)
Û¡Vr - (Dual)
YZ qH$dm F$U Q>moH$ - (Electrode)
YZQ>moH$ - (Anode)
YZm`Z - (Cation)
YmVy - (Metal)
{ZîH¥$Vr - (Cancellation)
n§M_hm^yVo - (Quinta Essentia)
nXmW©H$U - (Material Particle)
n[ag - (Philosopher’s Stone)
nw§O J{Vemó - (Quantum Mechanics)
nw§Or^dZ, nw§OrH$aU - (Quantization)
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n¥Ïdr - (Earth)
nmoH$ir, {Zdm©V- (Vacuum)
àH$me{dÚwV² n[aUm_ - (Photoelectric 
Effect)
àH$meg§ûcofU - (Photosynthesis)
à{VH¥$Vr - (Model)
à_m{UV gamgar - (Weighted Average)
àmaU - (Radiation)
q~Xy - (Point)
_hÎmmloUr - (Order of Magnitude)
_wbm`_ - (Smooth)
_ybHo$ - (Radicals)
_ybÐì` - (Element)
_yb^yV H$U - (Fundamental Particles)
_moH$im - (Free)
_mob - (Mole)
aoUy - (Molecule)
aofm - (Line)
amo_m§MrH$aU - (Romanticization)
bmobH$ - (Prism)
dU©n§º$s_mnr - (Spectrometer)
dU©nQ>, dU©n§º$s - (Spectrum)
dñVw_mZ - (Mass)
{d{H$aU - (Scattering)
{dVaU - (Distribution)
{dÚwV² AnKQ>Z - (Electrolysis)
{dÚwV² amgm`{ZH$ pñWam§H$- (Electrochemical 
Equivalent)
{dÚwV² {dbonZ - (Electroplating)
{dÚwÝ_moM Zir - (Gaseous Discharge 
Tube)
{d^dm§Va - (Voltage)
{d^mÁ`Vm - (Divisibility)
{dbJ - (Discrete)
{dñ\$maUo- (To expand)
doJ - (Velocity)
d¡Mm[aH$ à`moJ - (Thought Experiment)

g§H$moMH$- (Compressor)
g§H$moMUo- (To contract)
g§KmV - (System)
g§km- (Symbol)
g§_V - (Allowed)
g§aMZm - (Structure)
g__yë`^ma - (Equivalent Weight)
g_gyÌr - (Isomer)
g{n©bmH$ma - (Spiral)
gwdmhH$ - (Good Conductors)
gwpñWa - (Stable)
ñWbH$mb - (Space-time)
h[aVÐì`o - (Chlorophyll)


